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Abstract

As editors of World Journal of Critical Care Medicine (WJCCM), it is our great
pleasure to take this opportunity to wish all our authors, subscribers, readers,
Editorial Board members, independent expert referees, and staff of the Editorial
Office a Very Happy New Year. On behalf of the Editorial Team, we would like to
express our gratitude to all authors who have contributed their valuable
manuscripts and to the independent referees and our subscribers and readers for
their continuous support, dedication, and encouragement. The excellent team
effort by our editorial board members and staff of the Editorial Office allowed
WJCCM to advance remarkably in 2020. In the future, the Baishideng Publishing
Group and WJCCM'’s editorial board will continue to increase their commu-
nication and collaboration, both internally and involving our external
contributors, in order to promote our collective impact on the field of Critical Care
Medicine even further.

Key Words: Acknowledgments; Editorial members; World Journal of Critical Care
Medicine; Baishideng Publishing Group; Journal development

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: As editors of the World Journal of Critical Care Medicine (WJCCM) and in
view of the achievements of this journal in 2020, we take this opportunity to wish all
our authors, subscribers, readers, Editorial Board members, independent expert
referees, and staff of the Editorial Office a Very Happy New Year and express our
gratitude to your collective and individual contributions and support. In the future, the
Baishideng Publishing Group and the WJCCM’s editorial board will continue to work
to strengthen further communication and cooperation within the field of critical care
medicine and emergency medicine, while simultaneously promoting the development
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INTRODUCTION

First of all, we, on behalf of all editors of the Baishideng Publishing Group (BPG),
extend our sincere gratitude to you for your contributions to the World Journal of
Critical Care Medicine (WJCCM) in 2020. We wish you a Happy New Year!

In 2020, BPG routinely published 47 open-access journals, including 46 English-
language journals and 1 Chinese-language journal. Our successes were accomplished
through the collective dedicated efforts of BPG staff and Editorial Board Members,
such as yourself. BPG’s Editorial Board Members number 3136, and Peer Reviewers
number 29039.

ACADEMIC INFLUENCE OF WJCCM

As one of the key developing journals of BPG, WJCCM was founded in 2012 as a high-
quality, online, open-access, single-blind, peer-reviewed journal published by the
Baishideng Publishing Group[1]. The journal has a total of 31 official editorial board
members[2], and their country distribution is shown in Figure 1. W/CCM mainly
publishes articles reporting research results obtained in the field of critical care
medicine and covering a wide range of topics, including acute kidney failure, acute
respiratory distress syndrome and mechanical ventilation, application of
bronchofiberscopy in critically ill patients, cardiopulmonary cerebral resuscitation,
coagulant dysfunction, continuous renal replacement therapy, fluid resuscitation and
tissue perfusion, hemodynamic monitoring and circulatory support, intensive care
unit management and treatment control, infection and anti-infection treatment,
rational nutrition and immunomodulation in critically ill patients, sedation and
analgesia, severe infection, and shock and multiple organ dysfunction syndrome.
While we are celebrating WJCCM’s 9-year anniversary, we are very proud to share
with you that since its launch, WJCCM has published 155 articles (Figure 2). Among
these, the total cites is 1738, and the average cites per article is 11.21 (Figure 3). The
current number of total visits to the W/CCM homepage is about 370000, of which
20.6% of those visits have been from the United States, 17.7% from Bosnia and
Herzegovina, and 9.6% from China. The specific traffic data and download statistics
are shown in Figure 4A and B. The WJCCM is now abstracted and indexed in PubMed,
PubMed Central, China National Knowledge Infrastructure, China Science and
Technology Journal, and Superstar Journals databases[2]. BPG will be submitting an
application to Clarivate Analytics in 2022, with anticipation of it being abstracted and
indexed in the Science Citation Index Expanded.

In 2020, WJCCM received a total of 23 manuscripts from authors around the world
for consideration of publication and published nine articles[3]. The distribution of
published manuscripts by type is shown in Figure 5. The distribution of authors of
published articles by country/territory is shown in Figure 6.

In the last month of 2020, we received 68 manuscripts for consideration for
publication in 2021 following successful completion of peer-review. The specific types
and number of manuscripts received are shown in Figure 7A and B. As a global
academic journal in critical care medicine, our authors hail from various countries and
regions, reflecting a diversified contribution to the field that is embodied within an
optimized platform to promote worldwide medical research sharing and exchange.

All the good achievements that were made in the past year are inseparable from the
dedication of our authors, subscribers, readers, Editorial Board members, independent
expert referees, and staff of the WJ/CCM’'s Editorial Office. To date, WJCCM has 31
official editorial board members. We hope that each WJCCM Editorial Board Member
will continue to conduct high-quality peer reviews for WJCCM in 2021 and support
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Figure 3 According to the year of publication, the citation frequency of the article.

WJCCM's mission of publishing high-quality articles that will make substantive contri-
butions to the development of basic medical and clinical research. Meanwhile, we
hope that every expert in the field of critical care medicine will contribute more articles
to support our efforts towards that end. We look forward to more outstanding experts
and scholars actively applying to become members of our editorial department. As
always, all peer review experts are urged to review each manuscript in a timely
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Figure 7 Bibliographic data for articles received by the World Journal of Orthopedics in the last month of 2020. A: Article types; B: Authors’
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CONCLUSION

It is with your great support that we expect to be more productive and to be able to
raise the academic rank of WJCCM even higher in order to achieve these goals, we
appreciate the continuous support and submissions from authors and the dedicated
efforts and expertise by our invited reviewers, many of who also serve on our editorial
board. The Editors-in-Chief will continue to strive to work with the journal’s Editorial
Office staff to make the manuscript submission process as simple as possible and to
ensure efficient communication with the authors, providing professional support and
answering their questions. Ultimately, we will remain open to any suggestions that
could improve WJCCM’s operation and publication. Please feel free to contact us (
editorialoffice@wjgnet.com) if any question on your personal submission arises or you
have any suggestions.

Once again, on behalf of WJCCM, we wish you and your families the best for the
New Year.
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Abstract

Sepsis can develop during the body’s response to a critical illness leading to
multiple organ failure, irreversible shock, and death. Sepsis has been vexing
health care providers for centuries due to its insidious onset, generalized
metabolic dysfunction, and lack of specific therapy. A common factor underlying
sepsis is the characteristic hypermetabolic response as the body ramps up every
physiological system in its fight against the underlying critical illness. A
hypermetabolic response requires supraphysiological amounts of energy, which is
mostly supplied via oxidative phosphorylation generated ATP. A by-product of
oxidative phosphorylation is hydrogen peroxide (H,0,), a toxic, membrane-
permeable oxidizing agent that is produced in far greater amounts during a
hypermetabolic state. Continued production of mitochondrial H,O, can
overwhelm cellular reductive (antioxidant) capacity leading to a build-up within
cells and eventual diffusion into the bloodstream. H,O, is a metabolic poison that
can inhibit enzyme systems leading to organ failure, microangiopathic
dysfunction, and irreversible septic shock. The toxic effects of H,O, mirror the
clinical and laboratory abnormalities observed in sepsis, and toxic levels of blood
H,O, have been reported in patients with septic shock. This review provides
evidence to support a causal role for H,O, in the pathogenesis of sepsis, and an
evidence-based therapeutic intervention to reduce H,O, levels in the body and
restore redox homeostasis, which is necessary for normal organ function and
vascular responsiveness.

Key Words: Sepsis; Septic shock; Redox homeostasis; Thiosulfate; Hydrogen peroxide

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Sepsis mortality remains unacceptably high because there is no specific
treatment to prevent or reverse the multiple organ failure and refractory hypotension
that develops in this condition. An evidence-based analysis suggests that impaired
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systemic redox homeostasis caused by the toxic accumulation of hydrogen peroxide
has a causal role in the pathogenesis of this often fatal illness. The data imply that
restoration of redox homeostasis by therapeutic reduction of hydrogen peroxide will
significantly reduce the morbidity and mortality associated with sepsis. A therapeutic
intervention to reduce systemic levels of hydrogen peroxide is presented.
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INTRODUCTION

Medicine has made fantastic strides over the past century. Our intricate knowledge of
disease has been spearheaded by amazing advances in laboratory techniques that
allow us to identify and instigate changes at the molecular level. This has led to an
explosion of data accompanied by a detailed insight into pathological processes that
perpetuate disease states leading to the identification of potential therapeutic targets,
which can be exploited for new and more effective therapeutic interventions.
However, while laboratory research is an extremely useful tool to obtain a
pathophysiological snapshot of disease it cannot, on its own, identify the pathogenesis,
and for some diseases, a creative theoretical approach is the only way to get
"upstream" where novel insights may shed light on difficult clinical problems.

A prime example is sepsis, a systemic process with a high fatality rate that
ultimately leads to microangiopathic dysfunction, refractory hypotension, multiple
organ failure, and death. Worldwide, someone dies of sepsis every 3 s with 20% of
global deaths being sepsis-related for a total of 11 million deaths annually and
growing. Sepsis is thought to be a hyper-immune response to infection[1]. But in over
40% of sepsis cases there is no identifiable infectious agent, and culture positivity is
not independently associated with mortality in sepsis[2-6]. These observations suggest
that infection can be sufficient but is not absolutely necessary for sepsis to develop. It
also suggests an endogenous process that is common to both infectious and non-
infectious conditions (i.e., multiple body trauma, pancreatitis, post-surgery, efc.), which
is set in motion, ultimately leading to sepsis. Finally, the profound immunosup-
pression occurring during sepsis[7] suggests a non-immune contemporaneous process
as the proximate causal factor in the development of the sepsis syndrome. This raises
the consideration that the immune system is failing for the same reason other organs
fail.

From a metabolic perspective, there is evidence of impaired mitochondrial oxygen
utilization in sepsis despite normal oxygen tension[4,8-10]. This suggests a
mitochondrial-derived agent capable of interfering with oxygen utilization by
inhibiting substrate oxidation during the tricarboxylic acid (Krebs) cycle or oxidative
phosphorylation. The close association of hyperlactatemia with adverse sepsis
outcomes despite the absence of tissue hypoxia or impaired tissue oxygenation
provides further evidence that implicates impairment of mitochondrial oxidative
metabolism as discussed in more detail below!*.,

The identification of mitochondrial abnormalities in sepsis focuses attention on
bioenergetics and suggests that the common link between infectious and non-
infectious origins of sepsis is not an immune response but a hypermetabolic state that
sends mitochondrial metabolism into “overdrive” causing dysfunction of vital intram-
itochondrial bioenergetic processes. This reduces the problem of sepsis to the identi-
fication of a mitochondrial-generated molecule whose production is scaled up during
hypermetabolism and is capable of inhibiting enzymes in the Krebs cycle and/or the
electron transport chain (ETC). This is likely to be a small molecule that is normally
eliminated within mitochondria since most people do not develop sepsis during a
clinical hypermetabolic response.

A prime element that fulfills these theoretical requirements is hydrogen peroxide
(H,0,), a small, cell-membrane permeable highly toxic oxidizing agent that is
produced within mitochondria as a result of electron transport chain auto-oxidation
[13]. H,O, must be immediately eliminated to prevent cell damage and is removed by
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the following series of reactions (Figure 1)[14-16].

Studies have shown that blood H,0O, is significantly elevated in human sepsis and
septic shock with values reported up to 558 pmol/L, which is over 100 times the
normal upper limit of 5 pmol/L and over ten times 50 pmol/L upper limit at which
H,O0, becomes cytotoxic[17-19]. Certain cell populations, such as lymphocytes,
undergo apoptosis at H,O, exposure of less than 1 pmol/L, which can lead to
significant lymphopenia and immunosuppression[19,20]. Normal intracellular H,0,
levels are in the picomolar range[19,21]. Thus, septic blood has over a million times
greater H,0, concentration than normal cells resulting in the potential for significant
systemic cellular cytotoxicity which can disrupt metabolic pathways and organ
function.

Other clinical abnormalities observed in sepsis such as hypotension, coagulopathy,
encephalopathy, microangiopathic and cardiac dysfunction, erythrocyte rigidity,
methemoglobinemia, glutathione depletion, mitochondrial damage, and lymphocyte
apoptosis are also documented adverse effects of H,0,, all of which contribute to
multiple organ failure and lymphocytopenia observed in sepsis[22-25].

But where does all this H,O, come from? Although leukocytes such as neutrophils
can produce large amounts of H,0O, during the respiratory burst[26], the profound
immunosuppression[7,27-30] during advanced stages of sepsis suggests a significant
non-immune contribution to the persistently elevated blood H,O, levels observed in
advanced sepsis and septic shock. Significant depletion of tissue glutathione in muscle,
lung, and erythrocytes in addition to plasma thiol depletion (albumin cys34) suggests
these tissues have become H,0, generators contributing to elevated blood H,O, in
sepsis patients[22,31,32].

The production of mitochondrial H,O, depends upon the rate of electron transfer
through the ETC. The higher the electron transfer rate the greater the production of H,
O,. Studies in isolated mitochondria have shown an exponential increase in reactive
oxygen species (i.e., H,O,) at strongly polarized levels of mitochondrial membrane
potential[33], which can occur in hypermetabolic critically ill patients. Other studies in
mice have shown that mitochondrial H,O, will increase up to 15x the normal rate
during state-3 (maximal) respiration[34]. The clinical correlate of state-3 respiration is a
hypermetabolic state, which is characterized by tachycardia, tachypnea, leukocytosis,
high fever, and significantly enhanced protein biosynthesis. These are the cardinal
elements that define the systemic inflammatory response syndrome (SIRS), which
accompanies sepsis. This implies that a clinical hypermetabolic response is accom-
panied by supraphysiological increases in ETC-generated H,O, and is the common
factor linking infectious and non-infectious sepsis.

Due to the limited amount of mitochondrial glutathione available for H,O, neutral-
ization in addition to high basal levels of mitochondrial H,0,, a sustained hyper-
metabolic response can overwhelm cellular reductive (antioxidant) capacity resulting
in un-neutralized H,O, leaking out of cells and into the bloodstream with a subsequent
rise in blood H,0, reaching toxic levels[35-40].

H,0, is a metabolic poison and the data suggest that sepsis is due to an endogenous
H,O, poisoning secondary to the oxidative damage inflicted by this highly toxic
oxidizing agent. Since H,O, is permeable through cell membranes, elevated blood H,O
, indicates systemic reductive depletion, which perpetuates the production of H,0,
[41]. Toxic levels of H,O, will disrupt cellular function in all body organs, which can
lead to multiple organ failure and microvascular dysfunction. Any cell undergoing a
hypermetabolic response can deplete its reductive capacity and contribute to total
body H,0, load.

A potential cause and effect relationship between H,0, and sepsis has likely
remained obscure because a hypermetabolic state, which generates H,0,, is a
confounding factor in the relationship between infection and sepsis (Figure 2)[42-51].

Based on the data, H,0, is also an intervening variable in the setting of critical
illness-associated sepsis (Figure 3)[52-55]. Intervening variables have an important role
in therapy as they are mechanistically “closer” to the final effect and can serve as a
therapeutic target. The observation that culture-positive sepsis patients on appropriate
antibiotics still die suggests an additional factor independent of infection that exerts a
significant influence on the clinical outcome of sepsis[5]. In this scenario, the H,0,
induced tissue damage and metabolic dysfunction (the effect) is too severe and can no
longer be reversed by treating the infection (the exposure) with antibiotics. As an
intervening variable with a postulated causal role in sepsis, H,0, explains why culture
positivity is not independently associated with mortality in sepsis[5] since the data
supports H,0, (and not infection per se) as the proximal causal agent in sepsis.
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ETC > e 9%, o SOD, o, g§ﬁ> GS-SG+H,0

Figure 1 Krebs cycle derived reducing equivalents (NADH, FADH2) donate electrons that are processed by the electron transport chain
during oxidative phosphorylation. Up to 5% of electrons (") will normally escape the electron transport chain (ETC) into the mitochondrial matrix (electron
leakage)[14-16]. These electrons combine with molecular oxygen (O,) to form superoxide anion radical (O,’), which is metabolized by superoxide dismutase (SOD) to
hydrogen peroxide (H,0,) that in turn is converted to glutathione disulfide (GS-SG) and water via glutathione peroxidase (GPX) and its reducing co-factor glutathione
(GSH). Critical illness hypermetabolic states increase ETC activity leading to enhanced electron leakage and far greater H,0, formation, which can deplete cellular
GSH resulting in a build-up of H,0, in cells and blood causing bioenergetic dysfunction and organ failure.

(EXPOSWE) II (Observed cause & effect) (Eﬁe?t)
Infection Sepsis

Association Risk factor

Confounder
(Hypermetabolism: H,0,)

Figure 2 Confounding in Sepsis: The hypermetabolic state that accompanies a critical illness is a con-founding factor in the relationship
between systemic infection (exposure) and sepsis (effect). Hypermetabolism generates large amounts of hydrogen peroxide (H,0,), which is both a risk
factor for the development of sepsis and is bilaterally associated (double arrow) with infection. Systemic infection triggers a hypermetabolic state accompanied by
greatly amplified generation of H,0,, but non-infectious critical illness can also generate large amounts of H,0, due to the accompanying hypermetabolic state. High
levels of blood H,0O, can cause systemic lymphocyte apoptosis leading to significant lymphocytopenia, which predisposes to infection. Thus, systemic build-up of H,0,
can lead to sepsis. This can occur after an infectious or non-infectious insult. In the latter instance, infection may develop as a result of H,0, induced systemic
lymphocyte apoptosis and subsequent lymphocytopenia.

Exposure Intervening variable Effect

Critical Iliness — Increased H,0,  —— Sepsis
(Infection, burns severe trauma, etc.) (Hypermetabolism) (H,0, toxicity-induced organ failure)

Figure 3 Sepsis and intervening variables: Hydrogen peroxide is an intervening variable between a critical iliness (exposure), which
triggers a systemic hypermetabolic response, and sepsis (effect). Hypermetabolism, characterized by the systemic inflammatory response syndrome, is
the clinical manifestation of supraphysiological cellular H,O, production. This will eventually lead to reductive depletion and sepsis (H,0, toxicity, bioenergetic organ
failure) if allowed to persist. Prolonged critical illness (hypermetabolism) and dietary restriction severely limit the body’s ability to re-establish and maintain redox
homeostasis. Under these circumstances, direct acting reducing equivalents must be supplied to the patient to aid in neutralizing excess H,0,. A hypermetabolic
response to critical illness or injury may continue for years after hospital discharge and contribute to increased inpatient and post-discharge morbidity and mortality
(chronic critical illness and post sepsis syndrome respectively)[52-55].

All hypermetabolic states (infectious and non-infectious), have the potential of
generating excess H,0,, which can accumulate to toxic levels leading to bioenergetic
organ failure and sepsis. The relationship between exposure (infection) and con-
founder (H,O,) is bilateral because systemic infections cause a hypermetabolic state
that can elevate blood H,O, but non-infectious hypermetabolic states (i.e., burns,
multiple body trauma) can generate sufficient H,O, leading to generalized lymphocyte
apoptosis and profound lymphocytopenia, which can lead to infection. Serial negative
blood cultures can eventually turn positive because of this phenomenon. In other
words, infections can increase blood H,0O, but a primary non-infectious increase in
blood H,O, can eventually lead to infection, reinforcing the widely held view that
sepsis is always due to infection. In the latter case, infection is the result of H,0,
induced lymphocytopenia (Figure 4).

Studies have shown that certain antibiotics can cause mitochondrial dysfunction
accompanied by a significant production of H,0,[46]. This implies that patients must
have sufficient residual reductive capacity to deal with the oxidative stress imposed by
antibiotic treatment, underscoring the critical need to begin antibiotics along with
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Critical Iliness Intervening variable Final Effect
Hyper H,0
A Infectious —yp> Increased H,0, #» Sepsis
Metabolism Toxicity (Organ failure)

Super or De-rovo

Lymphopenia — —> Infection
) ) Hyper H,O, )
B Non-infectious —> Increased H,0, — Sepsis
Metabolism Toxicity (Organ failure)

Figure 4 H,0,induced immune system failure. Sequences 4A and 4B illustrate the common hypermetabolic response in infectious and non-infectious critical illness leading to H,0, toxicity induced organ failure and sepsis. Lymphocytes are highly
sensitive to H,0, induced apoptosis. Lymphopenia is thus a manifestation of H,0, induced immune system failure secondary to a hypermetabolic response in both infectious and non-infectious critical illness. H,0, induced lymphopenia will predispose to
de-novo infection in otherwise sterile critical iliness and may cause a super-infection in patients on appropriate antibiotics. H,0, toxicity and/or super-infection may contribute to sepsis mortality despite appropriate antibiotics.

reductive therapy as early as possible during the course of infection-associated sepsis.
Reductive therapy encompasses any treatment that increases reductive (antioxidant)
capacity, i.e., glutathione, protein thiols, efc. The purpose of which (in sepsis) is to
augment the patient’s reductive (antioxidant) capacity to neutralize H,0O,.

For the patient, the clinical benefits of limiting exposure to H,0O, go beyond
discharge from the hospital because H,0, can damage mitochondrial DNA.
Mitochondrial DNA (mtDNA) is highly vulnerable to H,O, induced oxidative damage
due to the proximity of mtDNA to the electron transport chain, both of which reside
on the matrix side of the inner mitochondrial membrane. Exposure of mtDNA to H,0,
will inflict base mutations and nucleotide mispairing that upon transcription result in
the incorporation of mutated protein subunits into the electron transport chain (ETC).
Mutated ETC components interfere with electron transport resulting in augmented
electron leakage with increased H?O? generation[47-52]. This establishes a self-
amplifying vicious cycle with ever greater production of H,0, and mtDNA damage,
which can lead to prolonged metabolic and bioenergetic dysfunction in sepsis
survivors and contribute to the post-sepsis syndrome.

H,0, induced impaired redox homeostasis as a primary mechanism of disease is a
novel pathogenesis that is supported by experimental evidence and is grounded in
fundamental concepts of redox biology, redox biochemistry, and bioenergetics. Similar
to electrolyte balance and acid/base buffering systems, redox homeostasis is a vital
homeostatic mechanism required for normal cellular function and should be assessed
in all critically ill patients.
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CLINICAL MANIFESTATIONS OF H202 INDUCED OXIDATIVE STRESS

Since most H,O, is a product of mitochondrial electron transport chain activity, clinical
manifestations of H,O, begin with its effects on cellular metabolism. Indeed, with
almost 40% of all cellular reactions being redox reactions[53], the potential for H,0,
induced oxidative impairment of cellular metabolism and bioenergetics cannot be
overstated, especially since blood H,O, levels reported in sepsis exceed cellular
cytotoxic tolerances by several-fold[17]. The mechanisms of H,O, toxicity mirror the
clinical manifestations of sepsis and include:

Hyperlactatemia

Elevated blood lactate is common among patients with sepsis and is associated with
significantly greater mortality[12]. Toxic levels of H,O, can inhibit enzymes in the
Krebs cycle and electron transport chain leading to hyperlactatemia and bioenergetic
failure characteristic of advanced sepsis[54-59]. H,0O, increases cellular lactate by
interrupting mitochondrial oxidative energy flux (directional oxidation), which is
needed to maintain the proton motive force (electrochemical proton gradient) that
fuels pyruvate import into the mitochondrial matrix[60,61]. Studies have shown that
H,0O, inhibits a variety of enzymes including enzymes within the Krebs’ cycle such as
aconitase, alpha-ketoglutarate dehydrogenase, and Succinate Dehydrogenase[55-57,
62].

Once inhibited, the Krebs cycle can no longer supply sufficient reducing equivalents
(NADH, FADH,) needed to sustain the mitochondrial proton gradient. Diminished
Krebs cycle supplied reducing equivalents can decrease (and eventually collapse) the
mitochondrial proton gradient. This will impair the proton motive force needed for
pyruvate translocase in the inner mitochondrial membrane to transport pyruvate into
mitochondria in symport with a proton[60,61]. The end result is increased cytosolic
pyruvate and subsequent conversion to lactate with resulting hyperlactatemia[11].
Thus, in sepsis, hyperlactatemia can be a manifestation of H,O, toxicity, in which case
the reduction of serum lactate alone has no effect on the outcome of sepsis[63,64].

The effect of a dysfunctional Krebs cycle on serum lactate levels can be seen with the
inherited deficiency of alpha-ketoglutarate dehydrogenase, which is associated with
severe congenital hyperlactatemia[65]. Under these circumstances, increasing inspired
oxygen will not lower serum lactate since the problem is with the diminished supply
of electrons to the electron transport chain, which collapses the proton gradient
dissipating the proton motive force, and not the availability of oxygen.

Studies have shown substantial lactate production from the lungs of patients with
septic shock[66]. Hypoperfusion or hypoxia is highly unlikely given that the lungs are
continuously bathed in oxygen and receive the entire cardiac output. However, when
combined with other studies showing decreased lung glutathione in sepsis, H,0,
toxicity is a strong possibility. Therapeutic removal of H,O, (discussed below) can
contribute to the normalization of bioenergetic function and serum lactate.

It’s worth noting that the mitochondrial proton motive force fuels both ATP
synthase and nicotinamide nucleotide transhydrogenase both of which are located in
the inner mitochondrial membrane. The former is needed to synthesize ATP while the
latter is required to generate mitochondrial NADPH, a critical source of reducing
equivalents for the regeneration of mitochondrial glutathione needed to neutralize
H,O,[13]. Thus, sepsis-associated hyperlactatemia may signal a compromised proton
motive force and the start of a vicious cycle leading to increased H,O, induced
oxidative stress and bioenergetic failure.

Anemia

A common feature during the progression of sepsis is anemia. Several factors can
contribute to the development of sepsis-associated anemia however, sepsis per se is
independently associated with the development of anemia, and healthy erythrocytes
exposed to plasma from sepsis patients undergo eryptosis[67,68]. H,O, induced
oxidative stress initiates erythrocyte suicidal cell death known as eryptosis leading to
cell shrinkage and clearance from the blood[68-71]. Thus, H,O, initiated eryptosis may
contribute to sepsis-related anemia.

Hypocalcemia

Low serum calcium is a common finding in patients with sepsis and critical illness,
with reported prevalence rates of up to 80%[72]. Hypocalcemia may be due to one or
more of various causes[73]. However, during sepsis, calcium is shifted into red blood
cells with significant increases in erythrocyte calcium of more than twice the control
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value[74]. Given that about 85% of all cells in the body are red blood cells, this shift
may significantly contribute to sepsis-associated hypocalcemia[75]. Erythrocytes
exposed to oxidative stress (i.e., H,0O,) activate calcium-permeable cation channels
leading to calcium entry into the cell[71]. Significantly increased lymphocyte calcium
has also been reported in sepsis[76]. This suggests that the elevated blood H,O,
reported in sepsis may cause a more generalize intracellular shift of calcium.

Shock

Sepsis-associated hemodynamic instability can progress to septic shock, which carries
a high mortality. Oxidative stress due to H,O, exposure causes extensive cytoskeletal
disruption to endothelial cells leading to significant endothelial retraction and
microangiopathic dysfunction[22]. The net effect of microvascular H,O, exposure is
microangiopathic dysfunction, impaired vasomotor responsiveness, barrier disruption
with edema formation, and irreversible hypotension (septic shock)[22,77]. Studies have

reported hypotension in an animal model after intravenous administration of H,0,
[25].

Immunosuppression

Sepsis patients develop profound immunosuppression that begins within days after
the onset of sepsis[7,28,30]. Lymphocytes are extremely sensitive to H,0, induced
apoptosis, which occurs at H,O, concentrations of less than 1 pmol/L[19,20]. Studies
report blood H,0, concentrations in sepsis of up to 558 pmol/L, which is over 500
times the concentration of H,0, needed to cause lymphocyte apoptosis[17-19]. The
ability of high blood H,O, concentrations to cause generalized lymphocyte apoptosis
explains the profound immunosuppression observed in sepsis patients.

Respiratory failure

Sepsis-associated acute respiratory distress syndrome (ARDS) is a serious compli-
cation of sepsis that carries a high mortality. It is characterized by increased
permeability of pulmonary capillary endothelial and epithelial cells. The increased
vascular permeability leads to diffuse capillary leak, pulmonary edema, and eventual
wet lung, which triggers the secondary development of pathological features[78,79].
Studies have demonstrated that low dose H,O, can increase pulmonary vascular bed
permeability and capillary filtration[80-83]. This suggests that the high levels of H,0,
reported in the blood of sepsis patients may have a causal role in the initiation of
ARDS.

Acute kidney injury

Sepsis-associated acute kidney injury (S-AKI) is a life-threatening complication that
develops in up to two-thirds of patients with sepsis or septic shock, which in half of
the patients develops before seeking medical attention[84]. Once thought to be a
consequence of cellular hypoxia leading to acute tubular necrosis, it is now recognized
that S-AKI can occur in the setting of normal or increased renal blood flow[84]. Studies
suggest a critical role for microcirculatory dysfunction, which is present in every vital
organ in animal models and humans with sepsis[84-86]. When combined with studies
showing a decreased substrate flux through the Krebs cycle in mice kidneys after the
induction of experimental sepsis[87], these effects mirror the known toxic effects of
H,0,, among which is microangiopathic dysfunction and Krebs cycle enzymatic
inhibition[22]. In support of a role for H,O, in S-AKI, studies of experimental murine
sepsis employing Mito-TEMPO, a mitochondrially targeted reducing agent
(antioxidant) active against H,0,, significantly increased renal microcirculation,
glomerular filtration rate, and ATP synthesis[88,89].

The renal endothelium is highly vulnerable to oxidative stress with agents such as
H,0,, a highly toxic oxidizing agent that can diffuse across cell membranes to impair
critical signaling and regulatory function required for microvascular function[90].
Other studies report significant cytotoxicity in human tubular epithelial cells exposed
to 100 pmol/L H,O,, while 200 pmol/L exposure caused mitochondrial cytochrome-C
translocation to the cytoplasm in addition to significant intracellular increases in H,O,.
These concentrations are within the range reported for blood H,O, in sepsis patients of
up to 558 pumol/L[17,91]. H,0, can inhibit various enzymes involved in oxidative
metabolism including Krebs cycle enzymes, ATP synthase, and nucleotide (ADP-ATP)
translocase[55-57,92]. The resulting inhibition in mitochondrial oxidative flux may
contribute to the increased glycolytic production of lactate by proximal tubule cells
observed during sepsis[93]. Increased glycolysis would revert to oxidative
phosphorylation when H,0, induced inhibition of mitochondrial oxidative metabolism

WJCCM | https://www.wjgnet.com 72 July 9,2021 | Volumel10 | Issue4 |



Jaishideng®

Pravda J. Sepsis: A causal role for impaired redox homeostasis and treatment

is resolved. Lastly, rat renal artery infusion of 70 mmol/L H,O, (140x that found in
human sepsis blood) is reported to cause massive proteinuria without electron
microscopic ultrastructural glomerular abnormalities[94]. This is consistent with the
minimal postmortem histological findings in human S-AKI®*#! This suggests that renal
exposure to blood H,O, levels observed in human sepsis may cause cellular dys-
function without overt signs of cellular damage.

Coagulopathy

Disseminated intravascular coagulation (DIC) is a life-threatening complication
frequently encountered in sepsis that is characterized by the systemic activation of the
coagulation system leading to microvascular thrombosis, and potentially life-
threatening hemorrhage due to consumption of platelets and coagulation factors[95].
DIC can originate from damage to the microvasculature, which triggers the extrinsic
coagulation cascade[96]. H,O, can cause microvascular injury by peroxidation of
endothelial cell membranes, which triggers the expression of tissue factor and
subsequent systemic activation of the extrinsic coagulation pathway leading to DIC
[97-99]. Intravenous administration of H,O, is reported to have resulted in fatal sepsis
and DIC, underscoring the role of H,0, induced oxidative stress in both of these
conditions[100].

On a more fundamental level, the endothelium is critically involved in preventing
inappropriate coagulation by maintaining barrier function and producing several
endogenous anticoagulants[101]. The elevated levels of blood H,O, reported in sepsis
can permeate endothelial cells throughout the body causing substantial oxidative
stress accompanied by profound disruption in both form and function[77,102]. Studies
have reported significant endothelial dysfunction that is associated with mortality and
severity of coagulopathy[101]. H,0, induced endothelial dysfunction can explain why
anticoagulants fail to show a survival benefit in sepsis-induced DIC[103] since these
agents fail to restore endothelial redox homeostasis.

Encephalopathy

Sepsis-associated encephalopathy (SAE) is a diffuse cerebral dysfunction ranging from
lethargy and lack of concentration to personality changes, delirium, and coma that
occurs secondary to sepsis in the absence of direct central nervous system (CNS)
infection. SAE affects up to 70% of sepsis patients and is associated with higher
mortality and poorer long term outcomes with half of surviving patients suffering
from long-term cognitive defects[104,105]. The brain is highly sensitive to H,O,
induced oxidative damage and dysfunction, and studies report dose-dependent
cytotoxicity starting at H,O, exposures of 10 pmol/L[106]. Encephalopathy is reported
to occur after the accidental ingestion of H,O,[107]. Encephalopathy was also reported
after intravenous administration of H,O, for alternative medicine therapy[100].

H,0, is diffusible through cell membranes which facilitates its diffusion into the
central nervous system where it can disrupt neuronal and synaptic function. Studies
have shown that H,0, can alter neuron membrane properties and impair synaptic
transmission leading to hyperexcitability and epileptiform activity[108,109]. This is
notable because epileptic seizures can be a manifestation of SAE. Other studies have
demonstrated bioenergetic impairment with decreased ATP biosynthesis and
utilization in neurons exposed to H,0,[110,111]. H,O, has also been reported to alter
rat hippocampal synaptic plasticity, which can negatively impact long-term
potentiation, learning, and memory[112]. Thus, the presence of elevated levels of
blood H,0, in sepsis can have acute and chronic effects on brain function and
cognition.

TREATMENT

Sepsis is a life-threatening medical emergency that can precipitously evolve into
hemodynamic instability, septic shock, and death. Thus it may not be possible or
prudent to wait for a blood H,0, level if clinical signs of H,O, toxicity are present.
Additionally, it takes some time before free H,O, can accumulate in the bloodstream
given the multiple layers of reductive (antioxidant) defense systems that mito-
chondrial H,O, must traverse on its way to the intravascular compartment including
mitochondrial and cytoplasmic glutathione followed by interstitial albumin whose
cys34 amino acid can react with H,0, (60% of total albumin) and ultimately serum
albumin (40% of total albumin) and red blood cell reductive (glutathione) capacity
[13]. During the time it takes to reach the blood stream and build-up, toxic levels of
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intracellular H,0, can inhibit critical cellular bioenergetic reactions leading to
compromised bioenergetic function. This was demonstrated in ulcerative colitis, an
inflammatory bowel disease, in which a primary increase in colonic epithelial H,0,,
thought to have a causal role in this disease, resulted in impaired beta-oxidation due to
H,0O, inhibition of mitochondrial thiolase, the last enzyme in the beta-oxidation
cascade[113].

Within this context, the data support the critical need for reduction of systemic H,O,
in sepsis to prevent bioenergetic organ failure and restore microcirculatory function.
Restoration of redox homeostasis by the elimination of excess H,O, must accompany
other therapeutic interventions to optimize clinical responsiveness and outcome.
Sodium thiosulfate (STS) is a direct-acting reducing agent that can neutralize H,0,
upon contact.

STS is approved for use in cyanide poisoning with a recommended dose of 12.5 g
over slow IV infusion (10 to 20 min) in adults and 250 mg/kg in children[114]. Similar
dosing regimens can be considered in sepsis. Repeat dosing can be guided by clinical
status, blood reducing capacity (glutathione, plasma thiols), and blood H,0O, levels.
The general chemical reaction for the reduction of H,0O, with sodium thiosulfate yields
sodium trithionate, sodium sulfate, and water[115].

2Na,S,0; + 4H,0, — Na,5,0, + Na,SO, + 4H,0

The rationale underlying STS administration in sepsis is to reduce blood H,0, to
normal (less than 30 pmol/L) in order to allow intracellular H,O, to diffuse down its
concentration gradient into the systemic circulation where it can be neutralized by
STS. STS is generally well tolerated and is an accepted therapy for cisplatin toxicity
and renal failure associated calciphylaxis (25 g three times weekly)[116,117]. High dose
STS (up to 16 g per M? surface area, repeated after 4 h) is reported to be well tolerated
in children under 12 years of age[118].

STS is reported to replenish intracellular glutathione, which will aid in the removal
of intracellular H,O, and restoration of redox homeostasis[119,120]. Decreasing serum
lactate indicates that H,0,-induced Krebs cycle inhibition and bioenergetic dysfunction
are being reversed. Restoration of vascular responsiveness by STS may cause extant
vasopressor measures to have an unanticipated amplified effect. Thus, STS adminis-
tration in critically ill patients should be accompanied by close patient monitoring.
Finally, if STS therapy proves to be successful in the treatment of sepsis then treatment
with STS should be considered in all critically ill (hypermetabolic) patients in order to
restore depleted systemic reducing equivalents before blood H,0, becomes toxically
elevated.

Specific treatment considerations

ARDS: Inhaled STS may have a beneficial effect to neutralize H,0, that has diffused
through the alveolar-capillary membrane causing oxidant damage in the alveolar
space.

S-AKI: Primary prevention of S-AKI is not possible in all patients because most
patients developing S-AKI already have it at presentation. Administration of STS
should be considered when patients first seek medical care to initiate primary or
secondary prevention.

The evidence supports the use of STS as a specific therapeutic agent for the
treatment of sepsis and its associated complications. Given the high mortality,
significant societal burden, and absence of a safe and effective treatment for this
deadly condition, clinical studies are urgently needed to determine the effectiveness of
STS for the treatment of sepsis.

CONCLUSION

The mortality in sepsis is unacceptably high because there is no specific therapy to
treat the sepsis syndrome. H,O, toxicity mirrors the clinical and laboratory
abnormalities observed in sepsis, and toxic levels of blood H,O, have been reported in
this condition. This and other data implicate H,O, as the causal factor in the
pathogenesis of sepsis, which predictably develops accompanied by systemic
depletion of reducing equivalents (i.e., glutathione) needed for the reduction (neutral-
ization) of metabolically generated H,O,. Once the body’s reductive (antioxidant)
capacity is depleted, H,O, will continue to be generated and flood the system.
Prolonged supraphysiological production of H,O, generated by electron transport
chain hyperactivity during a hypermetabolic state (such as sepsis) can overwhelm
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cellular reductive systems leading to H,O, accumulation within tissues and blood. H,O
, is a highly toxic membrane-permeable metabolic poison that can cause severe
bioenergetic dysfunction and cellular damage if allowed to accumulate. Continued
exposure can lead to the collapse of systemic redox homeostasis, proton motive force
dissipation, organ failure, microvascular dysfunction, and fatal septic shock.
Reduction of blood H,O, is paramount in order to prevent H,O, toxicity from
irreversibly shutting down cellular metabolism.

The data support the use of sodium thiosulfate as a systemic reducing agent with
the goal of restoring redox homeostasis by neutralizing excess systemic H,O,. Prophy-
lactic use of sodium thiosulfate in all critically ill (hypermetabolic) patients should be
considered before irreversible H,0, induced bioenergetic failure and microvascular
dysfunction develop.

Based on the data, the missing critical intervention to improve patient outcomes and
reduce mortality in patients with sepsis and septic shock is the normalization of
systemic redox homeostasis. The addition of specialists in redox medicine to the team
providing care to critically ill patients can contribute to achieving this heretofore
elusive goal.
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Abstract

Coronavirus disease 2019 is a pandemic, was first recognized at Wuhan province,
China in December 2019. The disease spread quickly across the globe, spreading
stealthily from human to human through both symptomatic and asymptomatic
individuals. A multisystem disease which appears to primarily spread via bio
aerosols, it has exhibited a wide clinical spectrum involving multiple organ
systems with the respiratory system pathology being the prime cause of
morbidity and mortality. Initially unleashing a huge destructive trail at Wuhan
China, Lombardy Italy and New York City, it has now spread to all parts of the
globe and has actively thrived and mutated into new forms. Health care systems
and Governments responded initially with panic, with containment measures
giving way to mitigation strategies. The global medical and scientific community
has come together and responded to this huge challenge. Professional medical
societies quickly laid out “expert” guidelines which were conservative in their
approach. Many drugs were re formulated and tested quickly with the help of
national and international collaborative groups, helping carve out effective
treatment strategies and help build a good scientific foundation for evidence-
based medicine. Out of the darkness of chaos, we now have an orderly approach
to manage this disease both from a public health preventive and therapeutic
standpoint. With preventive measures such as masking and social distancing to
the development of highly effective and potent vaccines, the public health success
of such measures has been tempered by behavioral responses and resource
mobilization. From a therapy standpoint, we now have drugs that were promising
but now proven ineffective, and those that are effective when given early during
viral pathogenesis or later when immune dysregulation has established, and the
goal is to help reign in the destructive cascade. It has been a fascinating journey
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for mankind and our work here recapitulates the evolution of various aspects of
critical care and other inpatient practices which continue to evolve.
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Core Tip: Severe acute respiratory syndrome coronavirus 2 transmission and the
inpatient therapeutic management of coronavirus disease 2019 has been subject of
immense research in the past one year. Our knowledge and understanding of the virus
and the treatment of the disease continue to evolve. We attempt to summarize the
progress made in a concise but comprehensive manner along with our insights into
future directions.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is a disease caused by severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) first reported and widely believed to have
originated at Wuhan in the Hubei province, China in late December 2019[1]. It started
as a Zoonotic disease and gained a foothold in human population by person-to-person
transmission, having evolved into a destructive pandemic infecting more than 100
million people and has caused more than 2.2 Million deaths till date[1,2].

A member of Beta coronaviruses, which includes SARS-CoV-1 and Middle East
respiratory syndrome coronavirus (MERS-CoV) which have caused localized
epidemics in the Asian continent, the SARS-CoV-2 rapidly spread across the globe and
has now survived and evolved with mutants due to its ability to stealthily spread by
airborne transmission, ability to survive in varying environmental conditions, causing
asymptomatic or mild infection in humans with transmission characterized by the
ability to infect early on during the prodromal phase of illness, aided generously by
“super spreaders”[1,3,4].

The management of the disease has evolved with early conservative guidelines from
experts to evidence-based recommendations which continue to evolve every day
touching all aspects of care from the use of respiratory assist devices, medication
including repurposed drugs, novel and controversial therapies as well as delivery of
our critical care services. Here we attempt to capture some of these changes and
present the current state of evidence of some of these therapies and services used in
the management of COVID-19[5].

INFECTIVITY AND TRANSMISSION CHARACTERISTICS

Since the beginning of the pandemic SARS-CoV-2 duration of shedding, infectivity,
and mechanism of transmission of infection have been very keenly studied as they
have practical implications. We now have better knowledge and understanding of
these characteristics. The viral RNA has been detected by reverse transcriptase-
polymerase chain reaction testing from the upper respiratory tract for a mean of 17 d
with a maximal duration of 83 d. Likewise, from the lower respiratory tract, the viral
RNA has been detected for a mean duration of 17.2 d with a maximal duration of only
35 d. However more importantly the live virus has not been cultured beyond the 9
day of symptom in any study to date. Hence the maximal infectivity is likely in the
first week from symptom onset and tapers off subsequently[6].
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Respiratory transmission is now considered the predominant mode of infection.
Droplets are large particles typically more than 5 microns which are heavier and drop
within 6 feet, whereas aerosols are smaller than 5 microns and post evaporation
remain suspended like pollens in the air having the ability to travel longer distances
[7]. Our current understanding is that the virus is shed as particles across a wide range
of sizes[8,9]. A longer duration, closer proximity, forced exhalation of air from a
patient with high viral load is now considered necessary for cross-infection to occur
with SARS-CoV-2[8]. Logically a “full high-level barrier protection” with Personal
Protective Equipment (PPE), N95 mask & Negative pressure room may therefore be
necessary when managing a highly symptomatic patient who is excessively coughing,
is on high flow oxygen, noninvasive ventilation (NIV), Mechanical ventilator, is
undergoing Bronchoscopy or has a Tracheostomy. In all these situations, a large
amount of air is being mobilized across the mucosa covered with the virus, enhancing
the possibility of viral aerosolization & infection[8]. In fact if the combination of “full
barrier precautions” and adherence to clinical practice guidelines are strict, then the
likelihood of infection with SARS-CoV-2 in clinical care areas for staff is substantially
reduced or insignificant[10].

The role of respiratory assist devices and maneuvers in the pandemic

COVID-19 is a disease that affects multiple organ systems but primarily and dispro-
portionately affects the Respiratory system. Early in the pandemic stemming from the
Chinese experience, COVID-19 patients were intubated early when needing more than
5-6 L/min oxygen to avoid aerosolization of SARS-CoV-2 infection to staff and due to
the anticipation, that these patients would deteriorate rapidly with the attendant risk
of substantial hypoxia during intubation. However it is now apparent that such
aggressive measures are not warranted as it places substantial burden on the need for
critical care resources[11]. Although not proven to be causative, the early surge of
COVID-19 cases in New York city and Italy in early 2020 was notable for very high
mortality noted in intubated patients[12,13].

Adult respiratory distress syndrome (ARDS) is the dominant respiratory clinical
syndrome seen in COVID-19 patients[13,14] with histopathology primarily charac-
terized by diffuse alveolar damage very similar to SARS-CoV-1 and MERS-CoV
infections[15]. ARDS related lung injury and Respiratory mechanics in COVID-19
appear to be similar to non-COVID-19 ARDS; nevertheless substantial controversy
exists regarding management in literature which is intriguing and is addressed in our
discussion[11,13,14].

Oxygen supplementation and NIV

It is generally accepted that low flow oxygen with a simple face mask or Cannula is
used for supplemental oxygen as the first line of support when Sa0O, is less than 88%.
The next line of oxygen supplementation is through high flow nasal cannula (HFNC).
It provides oxygen at a very high flow rates (40-80 L/min). This oxygen also is heated
and humidified to simulate physiological conditions in the airway promoting patient
comfort and tolerance[16]. HFNC is essentially a flow generator helping with muco-
ciliary clearance in the airway and improves the Ventilatory function of the lung by
providing low levels of functional “Positive end expiratory Pressure (PEEP)” in the
respiratory tract[17]. A type 1 surgical mask can substantially reduce particulate
aerosol contamination from nasal devices when placed over them[18]. The dispersion
of aerosolized particles is higher than a simple mask for HFNC but much less when
compared to NIV in simulated experiments[19,20].

NIV such as continuous positive airway pressure (CPAP) and Bi-level alveolar
positive airway pressure (BIPAP) are the next line which provides pressure targeted
ventilation. CPAP has traditionally been used in acute cardiogenic pulmonary edema
by increasing functional residual capacity and therefore oxygenation and compliance.
BIPAP in addition to the latter has also been used in acute exacerbation of the chronic
obstructive pulmonary disease for counterbalancing inner PEEP with external PEEP
and decreasing work of breathing by acting as an inhalation assist device[17]. Both
modes of NIV have been traditionally used in obstructive sleep apnea and obesity
hypoventilation syndrome[21]. CPAP and BIPAP must be used with a full-face mask
to decrease the risk of aerosolization. BIPAP can also be used with a helmet mask
(mostly available in Europe). They have been shown to have an acceptable level of
aerosolization which can be further attenuated with the help of a well-fitting helmet
mask[22].

In general, HFNC is preferred over NIV. HFNC is much more comfortable for the
patient as it allows for speech, eating/drinking as well as comfort[17]. But NIV may be
preferred in patients who have acute chronic obstructive pulmonary disease (COPD)
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exacerbation with hypercarbia, acute pulmonary edema and those who have sleep
disordered breathing.

Evidence from non-COVID-19 literature for HFNC and NIV

In the FLORAL trial involving hypercpaneic patients with acute hypoxemic
respiratory failure, HFNC was shown to decrease intubation rate which was statist-
ically significant in a sub-group of patients with Pao,/Fio, < 200 when compared to
non-rebreather mask (= 10 L/min) or NIV. Mortality also favored the HFNC group at
90 d when compared to the other two groups in this study[23].

In another study, HFNC was non-inferior to NIV for preventing reintubation and
post-extubation respiratory failure in high-risk adults[24].

In another randomised controlled trial involving high-risk adults, the combined use
of HFNC and NIV prevented more extubation failures than HFNC alone[25]
suggesting that the two modalities can complement each other.

In the LUNG SAFE study, about 15% of ARDS patients were treated with NIV.
Failure of NIV was increasingly common with increasing severity of ARDS but
mortality was especially higher in patients who had Pao,/Fio,lower than 150 mmHg
[26] and hence should be avoided in this subgroup of Moderate to Severe ARDS
Patients.

In a systematic review and meta-analysis involving 25 studies and 3804 patients, the
use of both helmet and face mask NIV was associated with decreased mortality and
endotracheal intubation compared to standard oxygen therapy[27]. However, in
sensitivity analysis excluding studies which included COPD exacerbation and
congestive heart failure exacerbation, the observed benefit on mortality was not noted.
The beneficial effect on mortality was also less certain with patients who had severe
ARDS.

Evidence from COVID-19 literature for HFNC and NIV

Good quality data is lacking but some moderate sized retrospective observational
studies have been published.

In Lombardy Italy, about 350 of 3988 patients with COVID-19 Pneumonia were
treated with NIV, of which 50 percent required intubation. The mortality of the latter
group was similar to patients who were intubated on admission to the intensive care
units (ICU)[28].

In one published Italian retrospective observational study of 670 patients, the rate of
intubation and adjusted mortality did not vary in patients who were treated with High
flow oxygen, CPAP and BIPAP[29].

In a study of 110 patients who received non-invasive ventilation via helmet for two
days, followed by the high flow nasal oxygen therapy or high flow oxygen alone, there
was no difference in the ventilator free days at 28 d between NIV and high flow, but
patient in the helmet NIV group had decrease in intubation and mechanical ventilation
free days, with the P value of 0.03[30].

In a systematic review and meta-analysis of non-randomized cohort studies
involving about 1897 critically ill patients, there was no statistically detectable
difference on all-cause mortality between patients undergoing intubation without vs
with a prior trial of HFNC/NIV [eight studies, 1128 deaths; 48.9% vs 42.5%; risk ratio
(RR) 1.11, 95% confidence interval (CI): 0.99-1.25, P = 0.08][31].

Monitoring of patients on HFNC and NIV

Patients need to be carefully monitored when on supplemental oxygen devices like
high flow or NIV. Intubation should not be withheld when appropriate criteria are
met. It is estimated that about 20%-25% of patients can avoid intubation and help
preserve Critical resources during the pandemic[17]. Further evidence is needed.

Early vs late intubation
The concept of early vs late intubation in COVID-19 pneumonia is controversial which
has elicited a fascinating Pros-Con debate[32,33].

Early on, some professional organizations like the Royal College of Anesthetists &
Intensive Care Society recommended early intubation to prevent the risk of high
environmental contamination with other oxygenation and ventilatory adjuncts like
NIV/HFNC[32].Others like the Society of Critical Care Medicine recommended
careful monitoring with NIV/HFNC and intubation when the latter failed[34].

A failed NIV followed by intubation can be associated with an increased risk of
complications during intubation like hypotension, desaturation, and aspiration with
associated increased risk of mortality[35]. While some studies in non-COVID-19
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hypoxemic respiratory failure show increased mortality with delayed intubation[35,
36] others in COVID-19 hypoxemic respiratory failure showed no such increased
mortality[13].

Proponents of early mechanical ventilation emphasize the possibility of “Patient
self-inflicted Lung injury (P-SILI) “in the non-intubated critically ill patient with acute
hypoxemic respiratory failure which is a collective term for the high minute
ventilation, a high respiratory drive of the ARDS patient worsening the preexisting
lung injury with increased vascular permeability along with local and global lung over
distension[37]. P-SILI in a spontaneously breathing patient is akin to ventilator-
induced lung injury in a mechanically ventilated patient[33] and is caused by high
pleural pressures and trans pulmonary pressure swings. Lung protective ventilatory
strategies using mechanical ventilation along with deep sedation and/or
neuromuscular paralysis can prevent P-SILI[37,38]. The endotracheal tube helps gain
good control over an unstable airway and regulate oxygen, pressure, and volume[39].

Opponents of early and liberal Mechanical ventilation offer many valid reasons. The
concept of P-SILI is relatively new and the evidence supporting it is not very robust
[33]. Mechanical ventilation brings along with it a host of complications like delirium
secondary to sedation, hemodynamic instability secondary to decreased sympathetic
drive and positive pressure ventilation, increased risk of infection, immobilization
with increased risk of thromboembolism, neuromuscular paralysis, post-intensive care
syndrome with its attendant physical and neurocognitive dysfunction[32]. Intubation
and mechanical ventilation are associated with one of the highest risks of aerosol-
ization[40] and for the patient, there is risk of procedure related hypotension,
hypoxemia, cardiac arrest, and other complications[41]. During a pandemic conserving
critical resources and their judicious use is important and intubating every patient
with hypoxemic respiratory failure is going to be unethical[42,43].

No randomized control studies have been published on this topic. The definition of
early vs late intubation is variable across studies. A few small single-center
retrospective studies have reported variable outcomes for delayed vs early
endotracheal intubation[44-47] with one study reporting worser mortality outcomes
for delayed intubation and other three being equivocal.

In a systematic review and meta-analysis of non-randomized cohort studies
involving about 9000 critically ill patients compared early (less than 24 h after ICU
admission) vs late (more than 24 h after ICU admission) intubation found no difference
in all-cause mortality (3981 deaths; 45.4% vs 39.1%; RR 1.07, 95%CI: 0.99-1.15, P = 0.08),
duration of mechanical ventilation (1892 patients; MD - 0.58 d, 95%ClI: 3.06-1.89 d, P =
0.65), ICU length of stay and renal replacement therapy (RRT)[31].

Due to limited data, the question apart from some lively, elegant and animated
discussions between experts is probably unsettled[33,48].

Nebulization

SARS-CoV-2 virus transmission occurs predominantly through close contact, poor
ventilated environment in a susceptible host via droplets/aerosols and less likely
through fomites[6,7,9]. Transmission via bio aerosols from medical procedures like
Nebulization and Tracheostomy has been a very valid concern as discussed earlier[49].

As per the Global initiative for asthma & The Australian National Asthma Council,
the recommendation is to use nebulization therapy only if unavoidable[50,51]. On the
contrary, the British National Institute of Health Care and Excellence recommends that
patients with COVID-19 can continue using nebulization therapy[52]. Such contrary
guidelines and recommendations have sowed doubts in the minds of patients and
professional health care practitioners. It is indicative of the fact that the evidence base
for these contrary recommendations is not very strong.

Although a continuation of inhalational treatment for chronic respiratory diseases
has been universally recommended[51], the optimal mode is less certain. Inhalers have
been recommended as they seem to generate fewer aerosols, the drug is contained in
the container and less likely to be contaminated by infectious particles, and they also
have a low emitted dose[49]. However, either via normal exhalation or cough
(determined by drug formulation characteristics) induced by the inhaled medication,
inhalers can produce exhaled bio aerosols and hence they do not seem to be superior
to nebulizer therapy[49].

Theoretically, nebulizer therapy produces an aerosol of the medication in the
nebulizer container and hence should not produce infected aerosols unless the
container or medication gets contaminated[49]. An aerosol droplet coming in contact
with an infected mucous membrane, like in the lung stops being airborne and hence is
no longer an aerosol[53]. Hence good hygiene precautions undertaken while using the
nebulizer and while loading the medication should prevent the spread of infection by
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aerosolization[49,53]. Besides, other precautions to prevent bio aerosolization have
been proposed such as the use of viral filters in the circuit of nebulizers/ ventilators,
use of vibratory mesh nebulizers which separate medication from patient interface
including circuits, and good provider/patient hygiene and using mouthpiece with
handheld devices[53]. Universally full barrier precautions as discussed earlier should
be practiced to limit infection.

Bronchoscopy

At the beginning of the pandemic, many Pulmonary/Bronchology societies made
recommendations for COVID-19, but were limited by generalizations, lack of exhaust-
iveness, and clear guidance was not available due to the novelty of the disease;
extrapolation from previous coronavirus pandemics was required[54]. Almost all
societies recommended deferring bronchoscopy in non-urgent cases, observing full
barrier precautions when performing bronchoscopies, restricting the number of
personnel who could be participating in the procedure, limit aerosol producing
procedures like nebulization, use of atomizers and jet ventilation[55]. Peri proced-
urally recommendations included using sedation (or even paralytics when feasible) to
avoid coughing, avoiding high flow and high shearing maneuvers, all intended to
limit aerosolization. Flexible bronchoscopy is encouraged and rigid bronchoscopy is
discouraged with post-procedure recommendations lacking consensus[54]. To avoid
cross-contamination or accidental transmission, single-use flexible bronchoscopes are
encouraged[54]. The patient can wear a mask and a slot can be made for introducing
the bronchoscope[54,55].

Certain acceptable indications for bronchoscopy in COVID-19 times include but not
exhaustively, symptomatic airway stenosis, symptomatic hemoptysis, migrated stent,
therapeutic aspiration of obstructive symptomatic secretions or masses, diagnosis of
secondary infections in intubated COVID-19 patients, diagnosis of cancer, and
diagnosis of infection in immunocompromised patients[55].

In a single-center, where 241 bronchoscopies were performed on 107 COVID-19
patients, 54 patients (50.5%) had Broncho Alveolar Lavage (BAL) with 35 patients
(65%) demonstrating a positive culture. About 1/3™ of intubated patients required
bronchoscopy presumably due to thickened white gelatinous secretions (likely due to
heated air with less humidification as was recommended by guidelines) or bloody
secretions due to high use of anticoagulants. BAL cultures were more likely to be
positive (65%) compared to tracheal cultures (45%). 6% of BAL cultures also grew a
second organism. The study showed a high rate of secondary infection in COVID-19
patients above and beyond that was diagnosed with tracheal cultures, indicating that
under treatment may be driving higher mortality[56].

In another single-center series of 93 intubated patients, 101 bronchoscopies were
performed which did not show increased secondary infection when compared to non-
covid ventilator associated pneumonia[57].

In general, bronchoscopy has not shown any definitive increase in transmission
when proper precautions have been observed[56,57].

Tracheostomy

Tracheostomy has been widely used across the globe for COVID-19 management.
Initially, expert guidelines were made available which were very conservative in their
recommendations but now we have better evidence to guide our decisions[58]. Certain
pertinent issues concerned with Tracheostomy are addressed here.

The Indications for tracheostomy have traditionally not been well defined,
dependent on multiple factors and individual circumstances[59]. In the current
COVID-19 times, tracheostomies have been performed early (less than 7 to 10 d after
intubation) and for very liberal indications with critical care resource utilization as a
goal commensurate with principles of “Disaster management”[60-62]. However,
guidelines based on several critical considerations including virology of transmission
and infectiousness of the patient recommended the timing to be past 10 d and when
patients show clinical improvement[59]. This is because it is difficult to predict the
clinical trajectory of ARDS patients with COVID-19. After the patient has navigated
the first few days of Critical illness and shown clinical improvement, but anticipate
prolonged mechanical ventilation, with reasonable pulmonary reserves, the FiO, less
than 40% and PEEP less than 8, then tracheostomy can be considered[59,60,63,64].
Given that there are advantages and disadvantages to both early and late
tracheostomy, and with relatively proven non-inferiority, the timing of tracheostomy
like in non-COVID-19 patients has to be individualized[61,63]. In practice, a systematic
review and meta-analysis encompassing 462 COVID-19 patients revealed that 250
patients (71.5%) received tracheostomy 14 d after intubation, which is consistent with
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conventional practice[65].

Tracheostomy can be performed by the “open or surgical” method in the operating
room or by “Percutaneous dilatation” at the patient bedside. Initially, the
recommendation was to use the “Open or Surgical” method to minimize exposure to
bio aerosol which is potentially more with the percutaneous method[59,64]. However,
with diligent and appropriate use of “Full barrier” precautions including PPE with or
without a negative pressure room, the increased risk to healthcare personnel has not
materialized and the emphasis is now to optimally use available resources as both
methods have been proven to be safe[59,62,64,65]. In a pooled analysis of 3060 tracheo-
stomies, 55.7% were created by the open method and 43.4% were created by the
percutaneous method[65].

Post-procedural management guidelines suggest to limit staff exposure to bio
aerosols have been published and it has been demonstrated that this can be implemen-
ted successfully by training new staff members unfamiliar with tracheostomy care,
thereby helping free critical ICU resources when necessary[59,62,64].

Post tracheostomy outcome data in COVID-19 patients are now available. In a
pooled analysis, of 2890 mechanically ventilated patients 54.9% were reported to have
been successfully weaned, of 2628 patients 34.9% were successfully decannulated, and
of 2980 patients 513 patients (13.1%) had died[65].

Overall tracheostomy in COVID-19 patients has evolved from the early time of
guidelines recommending “abundant caution” to now practice and outcomes which
seem to be more consistent with “regular order”.

Convalescent plasma and monoclonal antibody

Convalescent plasma has been used to treat many infectious diseases in the past like
Influenza, MERS-CoV, Ebola Virus, Influenza, etc., but efficacy and evidence are not
firmly established[66,67]. The goal of such passive immunization is to neutralize the
infectious organism with the help of naturally formed and passively transferred
antibodies[66]. Novel neutralizing monoclonal antibodies (nabs) and nano antibodies
have also come into play during the coronavirus pandemic[68].

SARS-CoV-2 virus enters the cell via the angiotensin-converting enzyme 2 (ACE2)
receptors on the respiratory and gastrointestinal tract epithelium. The SARS-CoV-2
virus has an outer “S” glycoprotein, with S1 and S2 subunits. The S1 subunit has a
receptor binding domain along with receptor binding motif, the latter attaches to the
ACE2 receptor in the host, and there is a conformational change in the S protein
leading to S2 fusing with the host cell wall membrane followed by internalization of
the virus into the host cell. The SARS-CoV-2 antibody in the convalescent
plasma/nabs can halt the virus from multiplying and establishing a foothold in the
host by interfering with receptor attachment, inhibiting wall fusion after attachment,
and preventing uncoating of the virus once inside the cytoplasm[68,69].

With COVID-19, convalescent plasma has been widely used from the early days of
the pandemic on a compassionate basis with regulatory approval[70]. However;
results from various studies have been inconsistent.

Analysis of large observational data and different Randomized control studies show
that when plasma with low SARS-CoV-2 antibody titer or when used later in the
disease trajectory or both results in lack of survival benefit, does not halt the
progression of the disease or help with stabilization of symptoms[70-72]. COVID-19
patients with moderate to severe ARDS, especially intubated patients do not derive
any benefit from convalescent plasma[70-73].

On the contrary, when the plasma has high antibody titer, and patients receive early
on at symptom onset in the community or even during early hospitalization when
patients have mild to moderate disease, it results in better survival, disease stabil-
ization and halts the progression of the disease[70,73,74].

As per Food and Drug Administration (FDA), high titter convalescent plasma
corresponds to a neutralizing antibody titer of 2 250 in the Broad Institute's
neutralizing antibody assay, a signal-to-cutoff of > 12 in the Ortho VITROS immuno-
globulin G (IgG) assay, or a level of > 1:2880 in the Mount Sinai COVID-19 ELISA IgG
Antibody Test[75].

The role of passive immunization with convalescent plasma or Neutralizing
antibodies is to inhibit viral replication early in the disease when the host does not
have sufficient antibodies of its own. Once the infection is established, native
antibodies are formed and inflammatory processes are at work, at which point the
passively transfused antibodies are not helpful[76].

Similarly neutralizing Monoclonal antibodies like Bamlanivimab were found to help
reduce viral load, and hospitalization in recently diagnosed mild to moderate COVID-
19 disease as outpatient especially in patients with co-morbidities across age groups,
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especially in elderly, but not useful in hospitalized severely ill COVID-19 patients[77].
In the yet to be published Blaze-2 trial, Bamlanivimab used as a prophylaxis in nursing
home and assisted care home residents were found to decrease symptoms and even
have a survival advantage when compared to placebo[78]. And although peer review
is pending, this appears to be a promising therapy when used in high-risk patients
either as prophylaxis or early disease complementing the huge anticipated benefit of
vaccine administration on a large scale.

The FDA has updated its Emergency use authorization on February 4, 2021 and
now limits the use of high titer COVID-19 convalescent plasma only for the treatment
of hospitalized patients with COVID-19 early in the disease course and to those hospit-
alized patients who have impaired humoral immunity and cannot produce an
adequate antibody response[79].

The recovery trial has reported its findings in a preprint article on the use of high
titer convalescent plasma in hospitalized patients which is yet to be peer reviewed
[80]. 5795 patients were randomly allocated to receive convalescent plasma and 5763 to
usual care alone. There was no significant difference in 28-d mortality between the two
groups: 1398 (24%) of 5795 patients allocated convalescent plasma and 1408 (24%) of
5763 patients allocated usual care died within 28 d (RR 1.00; 95%CI: 0.93-1.07; P = 0.93).
Similarly there was no change in the proportion of patients discharged from hospital,
progression of patients not on mechanical ventilation towards intubation, successful
cessation from mechanical ventilation or need for RRT. However, the mean number of
days from symptom onset was 9, and therefore likely the plasma was not used early
enough in the disease course.

Glucocorticoids

Glucocorticoids are one of the oldest, well known, inexpensive, immunomodulatory
agents with wide ranging immunosuppressive, anti-inflammatory and anti-allergic
effect. They also have a multitude of adverse effects as well[81]. It was therefore
natural to test their effectiveness as a therapeutic agent for COVID-19, and although
some of the earlier studies did not show any benefit, the “RECOVERY Trial” was the
earliest well conducted randomized sontrol trial that showed survival benefit in
severely ill patients needing supplemental oxygen and ventilation[82]. The latter study
showed that there was mortality benefit with use of dexamethasone.

A total of 2104 patients were assigned to receive dexamethasone and 4321 to receive
usual care[77].

Overall 17 percent relative reduction in mortality (22.9 vs 25.7 percent, RR 0.83,
95%Cl: 0.75-0.93),

Patients on invasive mechanical ventilation or (ECMO) at baseline-36 percent
relative reduction (29.3 vs 41.4 percent, RR 0.64, 95%ClI: 0.51-0.81). Age-adjusted
analysis suggested a 12.3 percent absolute mortality reduction.

Patients on noninvasive oxygen therapy (including NIV) at baseline-18 percent
relative reduction (23.3 vs 26.2 percent, RR 0.82, 95%CI: 0.72-0.94). Age-adjusted
analysis suggested a 4.1 percent absolute mortality reduction.

Currently as per a pooled meta-analysis, the use of glucocorticoids is estimated to
cause 31 fewer deaths per 1000 [odds ratio (OR) 0.87, 95%CI: 0.77 to 0.98; risk
difference 31 fewer per 1000, 95%CI: 55 fewer to 5 fewer], risk of mechanical ventilation
is reduced by 28 per 1000 (OR 0.73, 0.58 to 0.92; risk difference 28 fewer per 1000, 45
fewer to 9 fewer), and duration of hospital stay is reduced by almost 1 d (mean
difference -0.99 d, -1.36 to -0.64), all results estimated to be of moderate certainty[83].

With this the use of glucocorticoids became well established as standard of care for
the treatment of severely ill COVID-19 patients needing supplemental oxygen and or
ventilation. This has been followed by the question whether the standard 6 milligram
Dexamethasone per day therapy which was used in the RECOVERY TRIAL is
sufficient a dose or if there is an incremental benefit by dose increase? Also, another
pertinent question is whether there is any benefit of targeting any other specific
immune pathways.

While Randomized control data involving the inhibition of complement C5
inhibitor, raviluzumab has not been shown to be of benefit as per preliminary
unpublished data[84], the role of Interleukin-6 inhibitor, tocilizumab has been quite
intriguing.

Tocilizumab

Tocilizumab is an interleukin 6 receptor antagonist monoclonal antibody that has been
used to treat patients with COVID-19 respiratory and organ failure targeting a key
step in inflammatory mediated damage[68]. Early treatment data in observational and
randomized control studies, not involving many critically ill patients and without
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Glucocorticoid use showed that Tocilizumab was safe but did not have any significant
Clinical outcomes[85-87]. There were six small trials which did not show any
significant benefit from Tocilizumab[88]. However, data from “STOP COVID”-a large
observational study and “REMAP CAP”-A well designed open label international
randomized control study consisting of 803 patients, suggest that “the early use of
Tocilizumab on entry to ICU” may have important survival and other outcome
benefits in the short term which was not seen in less sick patients studied in
randomized control trials outside the ICU[85-87,89]. This was especially noted in
patients who had ICU admission within 3 d of symptom onset[89] or had evidence of
organ failure on admission to ICU[87]. Participants in the Randomized, Embedded,
Multi-factorial, Adaptive Platform Trial for Community-Acquired Pneumonia
(REMAP-CAP) study also had a relatively larger proportion of patients on glucocor-
ticoids (more than 80%) compared to other studies[86,87]. In “REMAP-CAP”
Tocilizumab (n = 353) and Sarilumab (n = 48) each reduced in-hospital mortality
compared with standard of care (28 and 22 vs 36 percent; OR for hospital survival 1.64,
95%CI: 1.14-2.35 for Tocilizumab and 2.01, 95%CI: 1.18-4.1 for Sarilumab).

The Tocilizumab arm of RECOVERY TRIAL reported preliminary results which are
undergoing peer review[88]. This was an open label randomized placebo-controlled
trial in which 82% patients took glucocorticoids like dexamethasone. 2022 patients
received tocilizumab and 2094 received standard of care. To be eligible for random-
ization, patients with COVID-19 were to have hypoxia (SpO,< 92%) and C-reactive
protein more than 75 mg/dL.

Of 596 (29%) patients in the Tocilizumab group and 694 (33%) patients in the usual
care group died (RR 0.86; 95%CI: 0.77-0.96; P = 0.007) at 28 d, an absolute difference of
4%. This translates into Numbers Needed to Treat for saving one life of 25.

Tocilizumab also increased the probability of being discharged alive within 28 d
from 47% to 54% (RR 1.23, 95%CI: 1.12-1.34, P < 0.0001).

Among patients not on invasive mechanical ventilation when entered into the trial,
Tocilizumab significantly reduced the chance of progressing to invasive mechanical
ventilation or death from 38% to 33% (RR 0.85, 95%CI: 0.78-0.93, P = 0.0005).

Allocation to Tocilizumab reduced the use of all forms of dialysis (5% vs 7%, RR
0.75, 95%CI: 0.59-0.96, P = 0.02).

Tocilizumab did not have any effect on the chance of successful cessation of
invasive mechanical ventilation.

These benefits were seen in all patient subgroups, including those requiring oxygen
via a simple face mask through to those requiring mechanical ventilators in an
intensive care unit.

Tocilizumab is estimated to reduce the relative risk of death by 14% and reduced the
time spent in hospital by 5 d when used for patients on oxygen and in addition to the
corticosteroid dexamethasone[90].

Taken together data from all 8 trials, use of tocilizumab was associated with 13%
proportional reduction in 28-d mortality (death RR 0.87, 95%CI: 0.79-0.96, P = 0.005). It
is noteworthy that these mortality benefits were noted in the RECOVERY TRIAL only
in patients receiving concomitant steroids.

In summary, it appears that in severely ill COVID-19 patients with hypoxia
accompanied by hyper inflammatory state, the early concomitant use of glucocor-
ticoids and Tocilizumab improves outcomes including survival, organ support and
progression of disease, suggesting additive or synergistic effect with these two agents.

This beneficial data appears to be quite specific for Tocilizumab, as the numbers of
patients with Sarilumab in REMAP-CAP study were few. Trials involving Sarilumab
are in progress and results are expected in the future[88].

The United Kingdom government and Center for disease control have expeditiously
approved the use of Tocilizumab based on data from REMAP-CAP and RECOVERY
TRIALS[90,91]. Other government and Professional societies are expected to update
their guidelines soon as well.

Remdesivir
Remdesivir is an inhibitor of “viral RNA dependent RNA polymerase” which inhibits
SARS-COV-2 in vitro[92] but has not been shown to decrease viral load when
compared to placebo[93]. It has been studied extensively in clinical trials and the
findings are summarized below.

The outcome data has been measured using the multipoint ordinal scale with each
number denoting a particular “clinical status” and the changes are measured and
reported accordingly[92-94].
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In the international, multicentric auditory consonant trigram test-1 study conducted
by the National Institute of Allergy and Infectious Diseases and others, 541 patients
were assigned to Remdesivir and 521 to placebo in a double-blind placebo-controlled
trial; the study drug was given intravenously for 10 d. A significant number of patients
had severe disease with SpO, less than 94% by definition and requiring supplemental
oxygen. It reported a primary outcome of improved median recovery time of 10 d
compared to 15 d with placebo. There was a trend to improvement in mortality which
was not statistically significant, 11.4% and 15.2% in two groups, respectively [hazard
ratio (HR) 0.73; 95%CI: 0.52-1.03] by day 29. In sub-group analysis, there was mortality
benefit noted in patients who were on simple low flow oxygen, (HR 0.30; 95%CI: 0.14-
0.64). Remdesivir also showed shorter hospital length of stay, reduced disease
progression, and lesser utilization of respiratory assist devices like oxygen, invasive
mechanical ventilation, and ECMO[92].

In the World health organization led SOLIDARITY trial[95], which was conducted
at multiple sites in 30 countries, 11330 adults underwent randomization. Death
occurred in 301 of 2743 patients receiving Remdesivir and in 303 of 2708 receiving its
control (RR 0.95; 95%CI: 0.81-1.11; P = 0.50) showing no survival benefit. In this study
which had good adherence, Remdesivir was given intravenously for 10 d. Remdesivir
did not reduce the incidence of new ventilation.

In another randomized control trial, for patients with moderate clinical disease
(Pulmonary infiltrates with SpO, more than 94% by definition); Remdesivir did not
demonstrate any difference in clinical status when compared to placebo after a 10-d
course. Interestingly, the same study showed improvement in clinical status after a 5-d
course. The study was confounded by open-label design and imbalances with co-
therapy and therefore the significance is unknown[96].

Other randomized control trials did not show any difference in clinical status
outcome between a 5 and a 10-d course of Remdesivir[33,34] and the drug is generally
safe with no significant adverse effects[92,94,96,97].

Barcitinib, an oral selective Janus kinase inhibitor 1 and 2 inhibitors impair cell entry
of the SARS-CoV-2 virus and inhibits cellular signaling pathway. It has been tested in
RCT in combination with Remdesivir and compared to placebo it has improved
median time to recovery by 1 d (RR for recovery, 1.16; 95%CI: 1.01-1.32; P = 0.03). At 15
d, time to recovery favors the drug combination. In sicker patients who are on NIV or
high flow oxygen the time to recovery was 10 d compared to 18 d. (RR for recovery,
1.51; 95%CI: 1.10-2.08). However, given the lack of efficacy for survival, in practice, it
can be used with Remdesivir, when steroids are contraindicated[98].

In summary in patients with severe disease (SpO,less than 94% with pulmonary
infiltrates) and risk of the hyper inflammatory response, Remdesivir may help
improve time to clinical recovery and reduce duration of hospitalization, but does not
improve survival[92-94,99-101]. It is likely not very helpful or may have very modest
benefits in patients who have mild to moderate disease (Pulmonary infiltrates with
SpO, more than 94%)[34,96,100]. As per a meta-analysis, it may help to reduce the need
for ventilation but the effect may not be large. It may help to reduce serious adverse
events and may aid with some recovery. For non-ventilated patients, a 5 d course
compared to 10 d course results in reduced costs, more benefits and less harm[101].

With lack of improvement in survival, the soft benefit of improvement in clinical
status, the need to be given by intravenous infusion often as an inpatient over 5 d, lack
of cost effectiveness and an endless number of patients with this pandemic, remdesivir
is not an optimal answer where the treatment needs to be inexpensive, scalable and
equitable[99,101,102]. However since it does reduce time to clinical recovery and
reduces duration of hospitalization among survivors, it can help free up inpatient
resources in a pandemic and hence gets approval from FDA and Infectious disease
society of America[101,103].

Hydroxychloroquine

It is an immunomodulatory drug that has been used extensively in rheumatological
disorders. It was repurposed for use in COVID-19 patients and many governments
around the world including the United States allowed emergency authorization for its
use. Its mechanism of action appears to be by inhibiting glycosylation of ACE2
receptors and increasing the pH of endosomes, in effect preventing virus entry into the
cells[104,105].

Many studies have been performed with or without concomitant use of
azithromycin compared to placebo after initial case reports and non-randomized
studies showed efficacy for the drug against SARS-CoV-2[104]. However, none of the
randomized control trials, systematic reviews, and meta-analyses, with or without
Azithromycin has shown any benefit for Hydroxychloroquine with regards to survival
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[92,104,105]. Likewise, there is no benefit with regards to the length of hospitalization,
virological cure rate, clinical status score based on a multipoint ordinal scale, need for
mechanical ventilation, and radiological improvement[92,104,105]. There was concern
over QT prolongation due to both hydroxychloroquine and azithromycin having those
properties as well as concern for the possibility of other side effects without much
proven benefit as noted before[104,106]. Currently, both these drugs are not used for
COVID-19.

ECMO and COVID-19

ECMO is a resource-intensive therapy that has been used when conventional critical
care management has failed to help the patient[107]. It has been used in previous
pandemics like pandemic influenza A with variable success[108].

It is recommended by experts that ECMO be offered only at experienced centers
that have adequate manpower and material resources as well as expertise in managing
them, as every aspect of its care from patient selection, maintenance and liberation is
highly specialized and nuanced[107]. In fact when regions are under crises level of
care amid a surge of cases, then it may be difficult to offer highly resource-intensive
therapies like ECMO[107].

The indications, contraindications, and general principles of ECMO care in COVID-
19 remain the same[107] with some finer changes to approach and management. It is
preferred that aerosolization of the virus is limited and hence transportation is
restricted. Cannulation is best performed at the bedside in the ICU. Tracheostomy
which is often performed to help lighten sedation and facilitate decannulation needs to
be restricted. All personnel need to observe full barrier precautions[107]. Nevertheless,
there is evidence that tracheostomy can be safely managed with standard full barrier
precautions as mentioned elsewhere in this article and likely guidelines may change.
The patient may not be able to be prone due to cannula and likewise, mobilization
may be restricted[107].

Patients with COVID-19 often require deep sedation due to various factors and
hence post ECMO delirium may need more supportive ICU care or discharge to
specialized rehabilitation centers[107,109]. Veno venous ECMO is the most commonly
used ECMO for respiratory failure and outcomes are better with this modality
compared to veno arterial ECMO which is used only when concomitant circulatory
support is necessary[107,109]. Given the high incidence of thrombosis in COVID-19,
therapeutic anticoagulation keeping activated partial thromboplastin time 1.5 to 2.5
times normal is recommended often bordering on the higher side[107] to prevent clot
formation in the oxygenator and other parts of the circuit.

Initially reports suggested poor outcomes with ECMO[110] with mortality in the
range of 80%-100% but subsequently, a report from the Extracorporeal Life Support
Organization registry which included only experienced centers suggested that the 90-d
mortality in more than 1000 carefully selected patients was about 40% and this
compares reasonably well with non-COVID-19 patients, indicating that when patient
selection is optimal and with the application of best principles of standardized care,
the outcomes can be optimal in COVID-19[109].

RRT

RRT is a term that denotes a process of replacing the non-endocrine function of the
kidney in acute or chronic kidney injury/disease encompassing filtration across the
permeable membrane, exchange of solute and electrolytes along with the removal of
fluid[111]. There are different modalities which include standard intermittent
hemodialysis (IHD), continuous RRT (CRRT), prolonged intermittent RRT (PIRRT),
and peritoneal dialysis[112]. CRRT or its variates are preferred in critically ill patients
due to their superior ability for fluid removal, causing less hemodynamic instability
and consistent metabolic control[112]. It also provides for predictable dosing of
medication in renal failure. However, CRRT is not superior to IHD when it comes to
survival or Renal recovery[112].

CRRT functions by way of three different mechanisms namely convection, diffusion,
and adsorption by the filtering membrane[113]. Different modalities or techniques
which employ one of these machines are used such as simple diffusion (continuous
venovenous hemodialysis), convection (continuous venovenous hemofiltration), or a
combination of both (continuous venovenous hemodiafiltration)[114]. No one
technique is superior to the other overall and employing any of them is a matter of
availability, patient characteristics, and clinician judgment or preference[114]. Timing
of RRT, whether early or late after diagnosis of acute kidney injury (AKI) and
establishing indication for RRT has been an important question for many well-
conducted clinical trials, largely demonstrating equivocal outcomes[113].
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There is a paucity of COVID-19 data for RRT. Recommendations from guidelines
have essentially been an extension from the non-COVID-19 population with emphasis
on limiting staff exposure and optimal utilization of resources during the pandemic
[114]. Full standard barrier precautions for staff taking care of ICU patients are
recommended[114]. CRRT is ideal for ICU patients which can be managed by ICU
nurses but if limited PIRRT can be used which will optimize resource utilization[114].
IHD consumes more specialized resources and equipment along with a dedicated
dialysis nurse in full attendance for the duration of the session and is, therefore, less
preferred[112]. Access to CRRT is essential with the right internal jugular vein being
preferred especially if proning followed by femoral access, left internal jugular vein,
and subclavian veins[112].

COVID-19 has been recognized as a prothrombotic disease having consequences for
filter life, and as such regional citrate anticoagulation can be used if already in use in
the institution. The latter should not be started if such practices are not already in
vogue[113,115]. Systemic anticoagulation with low molecular weight heparin or Ultra
fractionated heparin or other agents may be necessary to prolong the life of the circuit
but specific evidence-based anticoagulation protocols are lacking in the literature
[116]. Extracorporeal blood purification with RRT has been proposed as a therapeutic
strategy to remove cytokines and other biological immune mediators to improve
clinical outcomes. However, evidence for such therapies is currently lacking and is
recommended only in the context of clinical trials[116,117].

In a systematic review of COVID-19 patients with AKI, involving 51 studies and
21531 patients, the incidence of AKI was found to be 12.3%. Patients with transplants
had a higher rate of AKI at 38.9% (290 patients) and 39% in ICU patients (565 patients).
Patients who did not survive had higher rates of AKI at 42% (1745 patients)[118].

RRT use was reported in 39 studies involving 17,664 patients. With overall use of
5.4% with higher rates noted in 16.3% in ICU patients (776 patients), and 15.6% in
transplant patients (117 patients)[118]. AKI was more common in studies from North
America, followed by Europe, and was least noted in China[118]. There is increasing
evidence that both AKI and the need for RRT are important factors influencing
survival in COVID-19 patients[112].

CONCLUSION

It was Sir William Osler who inspired by Thomas Carlisle said, “It is not our goal to
see what lies dimly in the distance but to do what lies at hand”.

The COVID-19 pandemic has continued to teach us many important medical, social,
political, economic, and humane lessons at a huge cost. Early on with a limited
understanding of the virus, its transmission, spread in the community and the medical
management of the disease, our response as a global community was reactive, guided
by abundant caution. Medical practices and literature consisted of non-peer-reviewed
articles, case reports, and case series consisting of incomplete and non-standardized
data resulting in approaches and clinical management which were not scientifically
sound, exposing patients to potentially nonbeneficial or even harmful treatment
strategies[119,120].

Organized efforts to develop sound epidemiological, demographic, and evidence-
based data resulted in governmental organizations (e.g., United Kingdom based
Recovery trial), international trial networks (e.g., REMAP-CAP), The Society of Critical
Care Medicine Discovery Viral Infection and Respiratory Illness Universal Study
COVID-19 Registry and others who were well-positioned to rapidly deploy pragmatic
trials, design data collection networks to meet data analytic needs in response to the
COVID-19 pandemic[119,120].

As evident from our review, the application of sound scientific evidence-based
management principles distilled from decades of research in the past, with some
accommodations in practices specific to the SARS-CoV-2, mitigation strategies, along
with the careful implementation of disaster management principles in times of surge
have resulted in better and superior outcomes. This is borne out by the fact that
although outcomes have varied highly between centers[121], they have generally
improved with time[122], especially when health care delivery systems are not
stressed due to surge[123]. This is evident by one organization's meticulous and highly
diligent efforts to manage the pandemic by way of standardized, protocolized
management principles accommodating new information as well as providing room
for research opportunities[124]. This along with rapid large-scale effective
immunization provides us hope to get back our lives and business back to normal
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Abstract

The glucocorticoid receptor (GCR) and the mineralocorticoid receptor (MR) are
members of the steroid receptor superfamily of hormone-dependent transcription
factors. The receptors are structurally and functionally related. They are localized
in the cytosol and translocate into the nucleus after ligand binding. GCRs and
MRs can be co-expressed within the same cell, and it is believed that the balance
in GCR and MR expression is crucial for homeostasis and plays a key role in
normal adaptation. In critical illness, the hypothalamic-pituitary-adrenal axis is
activated, and as a consequence, serum cortisol concentrations are high. However,
a number of patients exhibit relatively low cortisol levels for the degree of illness
severity. Glucocorticoid (GC) actions are facilitated by GCR, whose dysfunction
leads to GC tissue resistance. The MR is unique in this family in that it binds to
both aldosterone and cortisol. Endogenous GCs play a critical role in controlling
inflammatory responses in critical illness. Intracellular GC concentrations can
differ greatly from blood levels due to the action of the two 11p-hydroxysteroid
dehydrogenase isozymes, type 1 and type 2. 11p-hydroxysteroid dehydrogenases
interconvert endogenous active cortisol and intrinsically inert cortisone. The
degree of expression of the two isozymes has the potential to dramatically
influence local GC availability within cells and tissues. In this review, we will
explore the clinical studies that aimed to elucidate the role of MR and GCR
expression in the inflammatory response seen in critical illness.

Key Words: Mineralocorticoid receptor; Glucocorticoid receptor, Critical illness; 11beta-
hydroxysteroid dehydrogenase; Aldosterone; Cortisol
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Core Tip: Endogenous glucocorticoids (GCs) play a critical role in controlling inflam-
matory responses in critical illness. Intracellular GC concentrations can differ greatly
due to the action of the two 11B-hydroxysteroid dehydrogenase isozymes. The degree
of expression of the two isozymes has the potential to dramatically influence local GC
availability. The GC receptor and the mineralocorticoid receptor are members of the
steroid receptor superfamily of hormone-dependent transcription factors. The study of
the mineralocorticoid receptor and GC receptor expression and function in the inflam-
matory response seen in critical illness might aid in identifying the patients who will
benefit from exogenous corticosteroid administration.

Citation: Vassiliou AG, Athanasiou N, Vassiliadi DA, Jahaj E, Keskinidou C, Kotanidou A,
Dimopoulou I. Glucocorticoid and mineralocorticoid receptor expression in critical illness: A
narrative review. World J Crit Care Med 2021; 10(4): 102-111
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INTRODUCTION

The glucocorticoid receptor (GCR) and the mineralocorticoid receptor (MR) are
members of the steroid receptor superfamily of hormone-dependent transcription
factors. The receptors are structurally and functionally related. They are localized in
the cytosol and translocate into the nucleus after ligand binding. GCRs and MRs can
be co-expressed within the same cell, and it is believed that the balance in GCR and
MR expression is crucial for homeostasis and plays a key role in normal adaptation.

In critical illness, the hypothalamic-pituitary-adrenal (HPA) axis is activated, and as
a consequence, serum cortisol concentrations are high. However, in a number of
patients cortisol levels are relatively low for their illness severity. Glucocorticoid (GC)
actions are mediated by GCR, whose dysfunction leads to GC tissue resistance. The
MR is unique in this family in that it binds to both aldosterone and cortisol.

Endogenous GCs play a critical role in controlling inflammatory responses in critical
illness. Intracellular GC concentrations may be greatly different compared to blood
levels due to the action of the 11p-hydroxysteroid dehydrogenase (11p-HSD)
isozymes, type 1 and type 2. 11p-HSDs interconvert endogenous active cortisol and
intrinsically inert cortisone. The degree of expression of the two isozymes has the
potential to dramatically influence local GC availability within cells and tissues.

GCR

During critical illness the HPA axis is activated, resulting in increased serum adreno-
corticotropic hormone and cortisol concentrations[1-4]. However, a subset of patients
present with low serum cortisol levels despite their illness severity[5,6]. Critical illness-
related corticosteroid insufficiency (CIRCI) is characterized by the organism’s inability
to produce adequate cortisol or tissue resistance to its actions, or both[7].

Sepsis and septic shock are the most common causes of mortality in critically-ill
patients. GCs, the end-products of the HPA axis, have been used for over 40 years in
the treatment of sepsis. The Surviving Sepsis Campaign Guidelines 2016 recom-
mended hydrocortisone administration when despite adequate fluid resuscitation and
vasopressor therapy, the hemodynamic stability in septic shock cannot be restored[8].
However, not all patients benefit from their administration, and as yet the patients
who would benefit from their use cannot be accurately identified[9-12].

Cortisol signaling is mediated by GCR, a ubiquitous intracellular receptor protein.
Alternative splicing of the primary transcript gives rise to two highly homologous
GCR isoforms[13]. GCR-a is the functionally active receptor; once it binds to cortisol,
the receptor-cortisol complex translocates from the cytosol to the nucleus. In the
nucleus, the complex exerts transcriptional activation or repression by directly binding
to genes that contain GC responsive elements[14], resulting in the inhibition of the
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inflammatory response[15,16]. On the contrary, the function of GCR-p has not been
well-explored. It is known to suppress GCR-a activity and is unable to bind both
natural and synthetic ligands[17-19]. Figure 1 diagrammatically represents cortisol
signaling via GCR.

The Sepsis-3 guidelines suggest the use of hydrocortisone in septic shock patients
who are resistant to fluid administration and vasoactive agents[20]. Not all patients
respond to this therapy, suggesting the existence of GC resistance. GC resistance is
defined as the inability of GCs to exert their effects on target tissues[21]. It is charac-
terized by decreased sensitivity of immune cells to GCs, which under normal
conditions terminate the inflammatory response[22]. Therefore, it becomes apparent
that apart from cortisol levels, how tissues respond to cortisol is as important. It has
been suggested that the extent of cortisol’s effect might be analogous to GCR
expression, subtype and affinity in a specific target cell[23]. Such an example is the
increased expression of GCR-f in certain tissues in inflammatory diseases, which has
been associated with decreased sensitivity to GCs[24].

GC resistance may be a consequence of decreased GCR expression, GCR affinity for
the ligand, nuclear translocation and DNA binding or may be due to altered
transcription factor interaction. Most data on GC resistance in critical illness originates
from experimental models involving sepsis-induced injury[25-29]. Essentially these
studies have shown downregulation of GCR-a and induction of GCR-f expression[30-
33].

Human clinical studies in critically-ill patients have mostly investigated cortisol
availability, while only a few have explored the role of GCR. GC resistance has been
described in a cohort of septic patients, demonstrating reduced GCR-a and elevated
GCR-p expression levels in septic patients compared to healthy subjects; these results
suggest that treatment with steroids might aggravate GC resistance in patients with
increased GCR-p levels[34]. A transient, increased GCR-f§ expression has been reported
in sepsis; moreover, the septic patients” sera could induce GC resistance in vitro[35].
Another study reported reduced GCR-a expression levels in sepsis[36], and diminished
GCR protein levels have also been described in various organs during sepsis[37]. A
decreased number of GCR-a and increased GCR-3 receptors has been shown in heart
and liver biopsies in the context of sepsis[25]. It has been shown that in septic shock,
GCR expression increased, while GCR binding capacity decreased, proposing that it is
the decreased GCR binding capacity and not the number of receptors that interferes
with the response to exogenous or endogenous GCs[38]. In contrast, GCR number and
affinity in septic patients did not differ from control subjects, suggesting that GCs
could be effective in the hemodynamic compensatory phase of sepsis[39]. Increased
GCR-a expression has been shown in the acute phase of sepsis, questioning the need
for exogenous steroids at this phase[40]. Only one study has demonstrated downregu-
lation of cortisol binding in critically-ill, ventilated patients[41]. Finally, our group was
able to demonstrate that critically-ill steroid-free patients have a highly variable
expression of both GCR isoforms in peripheral polymorphonuclear cells. Moreover,
GCR expression and HPA axis function undergo a biphasic response during acute or
subacute critical illness; this dissociation of reduced GCR expression and elevated
cortisol might imply an abnormal stress response[42,43].

In coronavirus disease 2019 (COVID-19), results from the RECOVERY trial
suggested significant benefits of steroid administration in critically-ill COVID-19
patients[44]. Specifically, the trial demonstrated that dexamethasone reduced
mortality risk by 17%. A study in noncritically-ill COVID-19 patients showed that the
HPA axis was activated. Patients exhibited an increase in cortisol, which was
significantly higher than in those without COVID-19 infection, and these cortisol levels
were associated with higher mortality rates[43]. Another study found that cortisol
levels were lower in critically-ill COVID-19 patients compared to critically-ill non-
COVID-19 patients[45]. In fact, nearly 70% of the COVID-19 critically-ill patients had
plasma cortisol concentrations < 10 pg/dL, meeting CIRCI criteria. However, so far,
data on COVID-19 and GCR-a expression are lacking.

Ascorbic acid (vitamin C) levels are depleted in critically-ill patients. This vitamin
has been shown to play a crucial role in HPA axis function. The adrenal glands contain
very high concentrations of ascorbic acid and use it to synthesize cortisol[46]. At the
cellular level, vitamin C works synergistically with corticosteroids by restoring GCR
function. Specifically, ascorbic acid reverses GCR oxidation, restoring GC-respons-
iveness in oxidant conditions. The end result is increased GC availability and GCR-a
activation[47].

Overall, it seems that during critical illness GCR expression is independently
regulated. This might explain the different responses seen in patients to exogenously
administered steroids or endogenously secreted cortisol. Apart from GCR expression,
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the role of post-translational modifications, GCR complex components and the
efficiency of nuclear translocation of the GCR complex should be the focus of future
clinical studies.

MR

The MR is, along with the GCR, a member of the steroid receptor superfamily of
hormone-dependent transcription factors. The receptors are structurally and
functionally related. Similar to GCR, MR is also localized in the cytosol and
translocates into the nucleus after ligand binding. In the nucleus, the ligand-receptor
complex recognizes specific DNA regions and activates target gene expression[48].
While GCR is relatively ubiquitously expressed and exclusively binds GCs, the MR
shows a more restricted expression pattern, and can bind both aldosterone and
cortisol. MR is mostly expressed in epithelial cells of renal distal tubules, colon, sweat
and salivary glands, and is implicated in sodium reabsorption, water homeostasis and
potassium secretion[49]. The classical ligand for MR is aldosterone, the main mineralo-
corticoid steroid hormone, through activation of the renin-angiotensin system.
Aldosterone is the principal regulator of salt and water balance but can also act on
nonepithelial sites, contributing significantly to cardiovascular disease[50].

Hyperreninemic hypoaldosteronism may occur during critical illness and has been
associated with a greater proinflammatory status, a higher degree of acute organ
failure, and worse prognosis. It has been attributed to impaired adrenal response to
increasing renin levels[51-53]. The recent demonstration of the reduced mortality in
septic shock patients treated with adjunctive GCs combined with fludrocortisone[9],
and the effectiveness of angiotensin II in treating vasodilatory shock[54] has renewed
interest in the role of the MR in critical illness[55].

The MR, originally thought to be expressed only in kidneys, is now known to have a
wider distribution. At the organ level, it is expressed in heart, vessels, brain, and
adipose tissue[56]. MR signaling induces inflammation, oxidative stress, and
fibrosis/remodeling, thereby causing tissue and organ damage, particularly in the
heart and vessels[49]. Furthermore, clinical studies have reported a beneficial outcome
of MR antagonism in patients with cardiovascular diseases, mainly due to the
prevention of inflammatory damage[57]. At the cellular level, MR is expressed in
vascular cells, adipocytes, and immune cells[58]. This inflammatory involvement of
MR and aldosterone in cardiovascular diseases suggests an association with immune
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system changes. It has been consistently reported that aldosterone stimulation
promotes proinflammatory responses[59,60]. In human leukocytes, MR expression has
been shown in CD34+ hematopoietic progenitor cells, in peripheral blood T and B
lymphocytes, macrophages, dendritic cells, and neutrophils[61]. In macrophages,
lymphocytes and dendritic cells, MR signaling induces proinflammatory responses[62,
63]. The MR antagonist, spironolactone, was shown to have anti-inflammatory effects
on cultured human peripheral blood mononuclear cells isolated from healthy subjects.
Furthermore, angiotensin II induced aldosterone synthesis and enhanced cytokine
production through an MR-dependent mechanism in human peripheral blood
mononuclear cells[64,65]. In Figure 2, MR signaling is depicted.

11B-HSD

Both the innate and adaptive immune responses depend on the adhesion and
migration of leukocytes across endothelial cells towards the inflamed site, where they
protect against invading pathogens and repair damaged tissue. At the inflamed site,
neutrophils undergo constitutive apoptosis to be removed from the inflammatory
environment. Normally, acute inflammation rapidly resolves. However, failure to
rapidly remove apoptotic neutrophils prolongs the inflammatory response. As
mentioned above, endogenous GCs play a critical role in controlling inflammatory
responses. Although GCs have an immunosuppressive effect on immune cells, they
exert contradictory effects on neutrophils. At the inflamed sites they exert an anti-
inflammatory effect by blunting neutrophil priming, whereas they increase circulating
neutrophil count by delaying their apoptosis[66]. In circumstances of uncontrolled
inflammation, polymorphonuclear cells can become detrimental by causing tissue
injury and organ damage in critical illness[67].

Intracellular GC concentrations may vary compared to blood levels due to the
action of the two 11p-HSD isozymes. 11p-HSD interconverts endogenous active
cortisol and inert cortisone, which does not bind to GCR[68]. 11p-HSD2 (encoded by
the HSD11B2 gene) inactivates GCs, while 11p-HSD1 (encoded by HSD11BI)
regenerates active GCs from inert keto forms, and hence modulates GC-regulated
functions. Moreover, 113-HSD1 is widely expressed in tissues that express high levels
of GCR, suggesting that 113-HSD1 modulates ligand access to GCR-a[68]. The degree
of expression of these two isozymes may drastically affect local GC availability within
individual cells and tissues.

11B-HSD1 is widely distributed, with its expression being highest in the liver, but is
also expressed in adipose tissue, vessels, brain, and immune cells. In immune cells,
11B-HSD1 is primarily expressed in macrophages and lymphocytes, especially during
inflammation[56,62,69]. 11B-HSD1 activates functionally inert GC precursors
(cortisone) to active GCs (cortisol) within target tissues, and amplifies local GC actions.
11B-HSD2, except being expressed in the classical aldosterone-target tissues, is also
expressed in the pancreas and the reproductive system[68]. 113-HSD2 protects the MR
from illicit occupancy by cortisol by inactivating cortisol within cells.
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Aldosterone and cortisol bind the MR and have a similar affinity for the MR. The
binding of cortisol or aldosterone to the MR results in different cellular responses[55].
Under physiological conditions, plasma cortisol levels are 100 x higher than
aldosterone levels, and most MRs are occupied by GCs. The 11p-HSD enzymes
regulate whether cortisol or aldosterone will bind to the MR. 11B-HSD type 2
metabolizes cortisol to inactive cortisone. Cortisone is unable to bind or activate the
MR, and aldosterone occupies the MR. When 113-HSD?2 is not present or not
functional, the ligand binding site on the MR is occupied by cortisol.

113-HSD2 is mainly expressed in the classical aldosterone (mineralocorticoid)-target
tissues, including the distal nephron, sweat and salivary glands, and colonic
epithelium. 113-HSD1 catalyzes the regeneration of active GCs, particularly in GC-
target tissues, where it amplifies GC actions. In vitro, colocalization of the two enzymes
within a cell results in their reciprocal regulation to minimize simultaneous expression
[68]. Figure 3 diagrammatically shows the interplay between the corticoid receptors,
their ligands and the 113-HSD isozymes.

Although the immunosuppressive and anti-inflammatory activities of GCs are well
documented, the expression of 113-HSD enzymes in immune cells, and in particular
polymorphonuclear cells, is not well understood. Overall, an anti-inflammatory role
for 113-HSD1 has been proposed in leukocytes, while studies have suggested that 11p-
HSD?2 is not expressed in these cells[70]. In human T-lymphoblastic leukemia cells,
both 11p-HSD2 expression and reciprocal regulation of 113-HSD1 and 11p-HSD2 have
been shown to be associated with GC resistance[71,72].

Data for tissue resistance to GC activity are limited in critical illness. Indirect
evidence suggesting altered tissue 113-HSD activity comes from studies that found
increased plasma cortisol:cortisone ratio in critically-ill septic and trauma patients[73,
74]. A recent study showed that in septic shock patients, sensitivity to GCs does not
appear to be mediated by changes in the expression of the 113-HSD2 isozyme[75].
Whether the reciprocal change in 113-HSD1/11p-HSD2 is part of an adaptive response
to inflammation or contributes to GC resistance remains to be established.

CONCLUSION

Studies on the expression of GCR, MR, 11p-HSD1 and 11B-HSD2 in critically-ill
patients may allow a better understanding of homeostatic regulations of GCR and MR.
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Abstract

Artificial intelligence (AI) and digital twin models of various systems have long
been used in industry to test products quickly and efficiently. Use of digital twins
in clinical medicine caught attention with the development of Archimedes, an Al
model of diabetes, in 2003. More recently, Al models have been applied to the
fields of cardiology, endocrinology, and undergraduate medical education. The
use of digital twins and Al thus far has focused mainly on chronic disease
management, their application in the field of critical care medicine remains much
less explored. In neurocritical care, current Al technology focuses on interpreting
electroencephalography, monitoring intracranial pressure, and prognosticating
outcomes. Al models have been developed to interpret electroencephalograms by
helping to annotate the tracings, detecting seizures, and identifying brain
activation in unresponsive patients. In this mini-review we describe the
challenges and opportunities in building an actionable Al model pertinent to
neurocritical care that can be used to educate the newer generation of clinicians
and augment clinical decision making.
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Core Tip: The modern clinical environment is increasingly surrounded by data. The
existing literature is sparse concerning the creation of a “digital twin” artificial
intelligence (AI) model as a tool for education and potentially clinical decision making
in the neurologic intensive care unit setting. This mini review will give readers an
introduction to applications of Al inside and outside of healthcare, the idea of the
“digital twin” as a model of disease, how Al has been applied in neurocritical care, and
methodology for building a neurocritical care digital twin AI model that is based on a
solid understanding of underlying pathophysiology.
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INTRODUCTION

The National Academy of Medicine released a report in 2010 highlighting recommend-
ations with regards to what the United States Department of Health and Human
Services can do to improve population health[1]. One of the suggested approaches in
the report highlighted that the biological and environmental causes of poor health are
complex and inter-related. Computer simulation models and other novel analytical
tools such as artificial intelligence (Al) can potentially elucidate these relationships and
help us better understand the underlying pathophysiology. The main pre-requisite for
such models is that they should be built on the foundation of plausible biological and
physiological understanding and algorithms.

In a world increasingly surrounded by data, digital twins have been used in
everything from wind turbines to cities to spacecraft to model processes and preempt
problems[2]. The European Union has even been attempting to create a digital twin
model of planet earth to better forecast weather and predict climate change[3]. It
would not be unreasonable to think that these technological advances could be applied
to the field of healthcare as well. With the recent rise of electronic medical records,
more sophisticated monitoring, and molecular biology in healthcare, digital twin
technology provides a unique opportunity to personalize medicine to the level of the
individual patient[4]. Digital twins are able to integrate vast amounts of data to create
digital replicas of the physical environment and acts as models that are able to inform
clinical decision making in an actionable way/[5].

There is a need to evaluate the status of research on the use of simulation applic-
ations by various medical and surgical specialties to identify and recommend areas of
research wherein there is a significant knowledge gap. This urgency is further
compounded by the issue that medical errors are one of the leading causes of death in
the United States[6]. Whether the use of simulation models by expert clinicians (or
trainees) will improve the overall patient outcomes in clinical practice remains a
challenging research question. Yet, it would be unquestionably helpful to test medical
decisions in an “in silico” environment before attempting our treatment strategies on
real patients. Such a testing environment would be especially useful to evaluate
management decisions of uncertain benefit the patients.

WHAT IS A DIGITAL TWIN?

Digital twins are a concept from engineering whereby digital models of a system are
built to allow testing of products more efficiently and economically[2]. The
development of the use of a “Twin Al” for predictive modeling in health care first
caught attention in 2003 with the Archimedes project, which sought to model the
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complicated management of diabetes and was validated to 18 different trials involving
diabetes with a very high correlation despite the fact that the trial data was not used to
develop the model[7]. These new digital twin Al models are able to integrate the
various demographic and individual-specific factors that complicate diabetes
management on a level that the human brain cannot[8]. In addition to proving an
accurate predictive model at the population level, Archimedes has also been shown to
make accurate predictions for individuals[9]. The high accuracy of prediction and
fidelity of the model led to its use in in-silico clinical trials, thereby saving crucial time,
millions of dollars and most importantly shielding patients from being exposed to
harm from interventions that may or may not have been beneficial[8,10].

In clinical practice, the concept of digital twins has also been applied to the fields of
cardiology and endocrinology[11-13]. In cardiology, a few digital twin models have
recently been developed to allow clinicians to provide precise care tailored to the
patient by considering inter-individual variability and integrating the wide spectrum
of biologic, environmental, and lifestyle data that influence cardiovascular outcomes.
However, there is still much work to be done before these models become common in
clinical practice[12]. Additionally, Al has been used to create large-scale synthetic data
for training of other machine learning algorithms[14]. In Endocrinology, an AI model
of the pancreas has been developed for use in the critical care setting to manage
patients’ glucose levels[13].

In the field of undergraduate medical education, programs that utilize an AI model
of physiology, such as justphysiology and sycamore, have recently been incorporated
in curricula[15]. These simulations afford the benefits of providing a safe practice
environment for trainees, exposing students to a range of pathology that is not
restricted to the available patient population, and getting students to engage actively
with the underlying physiological principles involved in chronic disease management.
While these models are based on solid mathematical models of human physiology,
they are focused on chronic disease management rather than the acute pathology seen
in critical care units and are unable to adapt to prospective data from real-time
patients.

Digital twin Al models can be developed as “associative models” (mostly data
driven) or “actionable models” (based on causal inference). Associative models are
built using retrospective electronic health record data, which is more readily available.
Utilizing a database of 703782 patients, Tomasev et al[16] created an associative Al
model that was able to predict 55.8% of inpatient acute kidney injury events at 48 h.
While these models are great at providing prognostic information, they do not offer
information on the effects of different interventions on patient care. Additionally, these
models are purely data-driven and do not consider the underlying physiology or
causal pathways of disease in their development. The clinical utility of these models is
limited by the lack of precision and underperformance in the clinical setting. In
comparison, actionable Al models (or, as we have previously coined them, “Causal
Al” models) are developed with explicit consideration of causal pathways, providing
greater clinical utility in predicting the outcome of a given intervention as well as
providing clinicians a better understanding of how the AI model is reaching its
conclusions[17,18].

Al APPLICATIONS IN NEUROCRITICAL CARE

While digital twin models have been developed and tested for use in the fields of
diabetes, cardiology, and sepsis management, this model has not yet been tested in the
neurocritical care (NCC) unit. Yet, the NCC unit is an optimal place to develop “Twin
Al” model. Within the NCC unit, there is a large need to integrate vast amounts of
data including intracranial pressure, electroencephalography, hemodynamics,
ventilation parameters, body temperature, and fluid balance, along with the
neurological exam to allow neurointensivists to make time-sensitive and impactful
decisions for patient care[19,20]. Use of Al to augment clinical decision making also
has the potential to reduce costs and improve access to quality care for patients in
areas where the expertise of a NCC physician is not readily available[21].

In NCC, current Al technology focuses on interpreting electroencephalography,
monitoring intracranial pressure (ICP), and prognosticating outcomes[22]. Al models
have been developed to interpret electroencephalograms by helping to annotate the
tracings, detecting seizures, and identifying brain activation in unresponsive patients
[23-26]. More specific models have been developed to analyze waveforms of ICP to
detect artifact in ICP measurements, predict future ICP levels, determine which
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patients are at risk of increased ICP, and prognosticate mortality[27-30]. Al models are
able to provide prognostic information for patients with subarachnoid hemorrhage,
traumatic brain injury, or who are at risk for health-care associated ventriculitis and
meningitis[31-33]. In the European Union, technologies such as Avert-IT have been
developed for use in the critical unit to predict hypotensive events in patients with
traumatic brain injury[34]. Still, to our knowledge, a model that integrates all the
measures available in the NCC unit to create a broad digital twin model of the patient
does not yet exist.

Having a digital twin model that can accurately replicate patient physiology in the
NCC environment would have distinct advantages. Such a model would allow
training physicians to sharpen their clinical decision making and provide
opportunities to trial different treatments without ever risking patient safety.
Preliminary results of a digital twin model used to predict response to treatments in
patients in the intensive care unit with sepsis within the first 24 h have shown that
creating such a model is possible[18].

A similar approach should be feasible for neurocritical diseases and illustrations of
how these models could be conceptually built for application in NCC are shown in
Figures 1 and 2. In applying this model to a patient with ischemic stroke, for example,
factors such as blood pressure, glucose levels, securing an airway, and giving antico-
agulation, thrombolytics, or opiate medication are all actionable factors that can be
input into the AI model. These actions will affect certain semi-actionable factors and
the overarching concept in the digital twin AI model such as hemorrhage, edema,
aspiration, and, ultimately, ischemic stroke, all connected by Bayesian networks.
Similar models such as this will be built for other disease states within the NCC unit as
well. With this digital twin of the patient, trainees will be able to test different
interventions and get real-time feedback on the effects of their intervention without
ever having to worry about potential harm to the actual patient.

UTILITY IN MEDICAL EDUCATION

The central purpose of medical education, learning and assessment is to optimize
patient care, avoid harm to the patients, and improve the cognitive skills of practi-
tioners and learners alike. Continual learning and retooling are a vital aspect of
practicing medicine. A major concern in healthcare and medical education is that
initial training must be provided with minimal risk to patients. Moreover,
maintenance of skills among busy physicians practicing in the community is an ever-
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growing concern.

The utilization of a virtual environment to enhance the procedural performance
through simulation is not a new concept. High-fidelity simulators are now a
prerequisite for gaining proficiency in endoscopic, laparoscopic, and robotic surgery
[35]. With the advent of minimally invasive surgical procedures, it became evident that
there is a dire need for skill acquisition outside the operating theater before attempting
a similar procedure on real patients[36]. Despite the compelling evidence in various
areas of clinical medicine, the world of critical care medicine has lagged in providing a
well-equipped platform for cognitive training and skill acquisition in the virtual

environment.
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Creating an “in-silico” model or a “digital twin” allows learning, cognitive skill
acquisition and refinement in an environment that does not expose patients to the risk
of uncertain interventions and offers the ability to test the cognitive domains of
decision making in real time with rapid assessment and perceptible metrics. We
envision creating such an educational tool with potential refinement to a level that it
can be used as a digital twin to assess the effect of an intervention in the virtual
environment without exposing actual patients to risk. Early in the medical education
program, even low fidelity patient presentations can be a good fit for assessment
purposes if appropriately matched for the level of learner and educational level. The
digital twin Al model can not only be used for medical education but can also be
utilized for summative assessment where the cognitive competency of the critical care
trainees can be assessed in an objective manner to determine if he/she can be
graduated to the next level.

BUILDING THE Al MODEL-CHALLENGES AND ETHICAL CONSIDERA-
TIONS

Al model should be constructed in such a way that they augment, rather than attempt
to replace, the clinician’s judgment[37]. Transparent AI models based on our
understanding of pathophysiology are more likely to be trusted, and consequently
implemented into practice, by clinicians than “black-box” Al models that reach their
conclusions through multiple layers of neural networks. Actionable AI models should
therefore be based on sound biology and should aim to replicate real-life disease
processes.

Building these models starts with directed acyclic graphs (DAGs). DAGs are
diagrams that connect concepts (defined as variables) through Bayesian networks that
represent the probabilistic relationship between those concepts (Figures 1 and 2).
These DAGs, built from an understanding of underlying pathophysiology and in
collaboration with content experts act as a base for the development of the AI model.
Expert knowledge is necessary to develop the rules that will connect the variables (i.e.,
what would be expected to happen to the connected variables after a certain change in
one of them). To avoid bias, we intend to gain expert consensus on our rules using
DELPHI method, an iterative process of surveying experts that seeks to integrate
knowledge about a specific field, before constructing the Al models. These DAGs are
then converted into statements that can then be transformed into code and
incorporated into the AI model. Once the model is developed, it will be prospectively
validated by comparing its predictions to the actual clinical findings in real patients,
the irreplaceable gold standard for any Al application to health care. This process will
go through multiple cycle or iterations of computer modeling (programming),
comparing the performance of the digital twin in an “in-silico” environment
(simulation) and gathering of qualitative and quantitative data to improve the
performance of the model (analysis) (Figure 3). This process was piloted in our
feasibility study for the digital twin of critically ill sepsis patients[18].

While a digital twin model in healthcare could lead to a more accurate, individu-
alized model of health and diseased states, this new technology also brings with it
ethical questions, such as who will have access to this new technology, how this
technology may lead to a deemphasizing of patient autonomy in favor of algorithms,
and how compiling large amounts of health data may lead to identification of trends
that may justify future divisiveness and segregation[38]. In creating any new Al
technology, we must be cognizant of the ethical and safety implications of the new
technology and ensure that any new Al model acts to augment rather than supersede
clinician judgement. Like any nascent technology, AI models can be initially erroneous
or insufficiently accurate; validation is therefore essential for their refinement and
must always be conducted before their implementation.

CONCLUSION

While digital twin models have been established in the fields of cardiology,
endocrinology, and undergraduate medical education, a validated model has not yet
been adopted to training and clinical practice in the field of NCC. We propose to
develop actionable digital twin models based on an understanding of the underlying
pathophysiology of disease to train future physicians and potentially inform clinical
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decision making in the complex environment of NCC.
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Abstract

BACKGROUND

Central venous catheterization is currently an important procedure in critical care.
Central catheterization has important advantages in many clinical situations. It
can also lead to different complications such as infection, hemorrhage, and
thrombosis. It is important to investigate critically ill patients undergoing cathet-
erization.

AIM

To evaluate the characteristics, such as hospitalization, demographic character-
istics, post-catheterization complications, and mortality relationships, of patients
in whom a central venous catheter was placed in the emergency room.

METHODS

A total of 1042 patients over the age of 18 who presented to the emergency
department between January 2005 and December 2015 were analyzed retros-
pectively. The patients were divided into three groups, jugular, subclavian, and
femoral, according to the area where the catheter was inserted. Complications
related to catheterization were determined as pneumothorax, guidewire
problems, bleeding, catheter site infection, arterial intervention, and sepsis.
Considering the treatment follow-up of the patients, three groups were formed as
outpatient treatment, hospitalization, and death.

RESULTS

The mean age of the patients was 60.99 + 19.85 years; 423 (40.6%) of them were
women. Hospitalization time was 11.89 + 16.38 d. There was a significant
correlation between the inserted catheters with gender (P = 0.009) and hospital-
ization time (P = 0.040). Also, blood glucose, blood urea nitrogen, creatinine, and
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serum potassium values among the biochemical values of the patients who were
catheterized were significant. A significant association was observed in the
analysis of patients with complications that develop according to the catheter
region (P = 0.001) and the outcome stage (P = 0.001). In receiver operating charac-
teristic curve analysis of hospitalization time and mortality area under curve was
0.575, the 95% confidence interval was 0.496-0.653, the sensitivity was 71%, and
the specificity was 89% (P = 0.040).

CONCLUSION

Catheter location and length of stay are important risk factors for catheter-borne
infections. Because the risk of infection was lower than other catheters, jugular
catheters should be preferred at entry points, and preventive measures should be
taken by monitoring patients closely to reduce hospitalization infections.

Key Words: Emergency service; Central venous catheter; Complications; Infection;
Mortality

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: A total of 1042 patients were included in this retrospective study. All central
venous catheters were inserted in the emergency room. This study included 10 years of
experience in our emergency department. In receiver operating characteristic curve
analysis of hospitalization time and mortality, sensitivity was 71%, and specificity was
89% (P = 0.040). Complications in the subclavian vein and femoral vein were observed
more frequently in the long term. Jugular vein catheterization can be preferred
primarily due to the difficulties in application and due to the low number of complic-
ations.

Citation: Coskun A, Hincal SO, Eren SH. Emergency service results of central venous catheters:
Single center, 1042 patients, 10-year experience. World J Crit Care Med 2021; 10(4): 120-131
URL: https://www.wjgnet.com/2220-3141/full/v10/i4/120.htm

DOI: https://dx.doi.org/10.5492/wjccm.v10.i4.120

INTRODUCTION

Emergency services are dynamic clinics where acute and emergency aspects of
diseases and injuries affecting patients of all age groups are prevented. Resuscitation,
primary care, diagnosis, and treatment of emergency cases are performed. Due to the
nature of acute illnesses and injuries and their independence from each other, when
they will come to emergency services and their number cannot be predicted[1]. Acute
procedures should be done as soon as possible in terms of the density, variety, and
patient circulation of emergency services.

Intravenous applications in emergency rooms act as a lifeline in saving the life of the
patient. For this reason, the process must be done quickly and safely. In a study
conducted on patients with penetrating injuries in the emergency department, timely
and effective intravenous interventions were reported to increase survival rates[2].

Central venous catheterization (CVC) is an important intervention that is widely
used today. Emergency services have a large variety of patient populations where
central venous interventions are frequently applied. CVC is necessary for the use of
vasoactive or irritant drugs, in insufficient peripheral intravenous routes, rapid
infusion of intravenous fluids, parenteral alimentation, frequent therapeutic plas-
mapheresis, and transvenous pacemaker placement. In addition, CVC is used for
hemodialysis and hemodynamic monitoring during major surgery[3].

A central venous catheter is to be placed percutaneously. The main routes of cathet-
erization are the internal jugular vein (IJV), subclavian vein (SCV), and femoral vein
(FV). The placement of a catheter in the IJV is gaining in popularity and is preferred in
children[4]. Various complications may develop in CVC, such as pneumothorax,
hemothorax, venous thrombosis, vertebral and cervical artery injuries, artery
puncture, bleeding, arrhythmia, catheter dysfunction such as catheter blockage or
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catheter breakage, infection, cardiac tamponade, respiratory tract obstruction, and
chylothorax][5,6].

Each catheter region to be used has its advantages and disadvantages. IJV catheter-
ization is often used in intensive care units on mechanically ventilated comatose
patients. SCV catheterization is not preferred in these patients due to the risk of
sudden pneumothorax[7]. The most important disadvantage of IJV catheterization is
the difficulty of detecting the skin and restricting neck movements. The risk of
pneumothorax, hemothorax, and vena cava superior injury is much less. At the same
time, the development of thrombosis and narrowing of the IJV is much less due to the
lack of catheter angulation, which is monitored in the SCV[8].

The aim of this study was to analyze the different catheter insertion sites, diagnoses,
complications, length of hospitalization, catheter-related local infection, and
bacteremia in terms of morbidity and mortality in patients who were followed up in
the emergency service.

MATERIALS AND METHODS
Study design and population

In this retrospective study, 1042 patients over 18-years-old who were admitted to the
emergency room between January 2005 and December 2015 were analyzed. CVC was
implanted in patients whose general condition was poor, whose vascular access could
not be opened in the emergency room, who needed dialysis and fluid resuscitation,
who suffered traffic accidents, falls, burns, malignancy, or acute and chronic renal
failure, and who needed blood or cardiopulmonary resuscitation. The exclusion
criteria were applied to all patients with severe bleeding diathesis and an indication
other than infection in the area where the catheter was to be placed. All patients were
divided into three groups: jugular, subclavian, and femoral according to the area of the
catheter placed. These catheters were divided into right and left. Seven groups were
formed according to complications after catheterization: pneumothorax, guidewire
problems, bleeding, catheter location infection, arterial interference, sepsis, and no
complications. Patients who were planned to have a catheter application were divided
into subgroups according to their diagnosis. The subgroups were renal diseases (acute
and chronic renal failure), respiratory diseases (asthma, chronic obstructive
pulmonary diseases, pulmonary embolism), endocrine diseases (hypoglycemia,
diabetic ketoacidosis, hyperosmolar coma, thyroid crises), multiple organ failure,
gastrointestinal bleeding and perforations, cerebrovascular diseases (cerebrovascular
infarcts, intraparenchymal hemorrhages, epidural and subdural hemorrhages, cerebral
edema, subarachnoid hemorrhages), trauma to the thorax (thoracic open injury, severe
pneumothoraces, severe lung parenchymal injuries), traffic accidents (inside and
outside the vehicle), malignancies in poor general condition, life-threatening gunshot
injuries, cardiac diseases (myocardial infarction, heart failure, cardiac tamponade,
cardiomyopathies), cardiovascular diseases (aortic dissection and aneurysms), severe
injuries as a result of falls, second and third-degree burns with a large surface area,
extremity amputation, penetrating-cutting tool injuries, and cardiopulmonary
resuscitation. It could be done in more groups, but the most common diagnoses
requiring catheter indication were included in the emergency department.

Sixteen groups were also identified according to the services where catheterized
patients were hospitalized. These services were emergency services, infectious
diseases, general internal medicine, nephrology, gastroenterology, intensive care unit,
cardiology, neurosurgery, thoracic surgery, chest diseases, general surgery,
cardiovascular surgery, neurosurgery, plastic surgery, burn unit, and neurology
services.

Patients were observed from hospitalization until discharge. Outpatients were
followed up retrospectively with an automation system for 3 mo after they were
discharged, and those who did not come to the hospital were questioned by phone.
Diagnoses, admission dates, contact information, demographic, clinical, and
laboratory data are included in the registry system of our hospital. As a result, all
patients were reached via call and/or hospital records.

Central venous catheter

Kits prepared for central venous catheter application in the emergency department
were used. Components of these kits included: The needle included an injector to
allow passage of the guidewire, double or triple catheter, guidewire, plastic sheath in
which the guidewire was placed, dilator, 3/0 silk sharp needle suture, and scalpel. A
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central venous catheter procedure was performed under local anesthesia. The patient
was placed in the supine position. The jugular vein catheter was positioned with the
head slightly down. For the SCV catheter, the arms were extended to the sides parallel
to the body. For the FV catheter, the legs were kept open at a certain angle. During the
procedure, the patient was monitored, and heart rhythm was followed. The sterility of
the area where the catheter will be applied was provided with 10% povidone-iodine.
Lidocaine was used for local anesthesia. The Seldinger technique was used for central
venous catheter application[9]. Main lines of central venous catheter application after
anesthesia was achieved included: (1) sterilizing the procedure area; (2) proper
positioning of the thick needle to which the guidewire will be sent; (3) inserting the
guidewire into the vein lumen by applying slight negative pressure; (4) advancing the
guidewire into the vein lumen; (5) dilating the path through which the catheter will
pass; (6) inserting the catheter into the vein with the help of a guidewire; (7) adequate
progression and fixation of the catheter in the vein; and (8) closing in a sterile manner.
Lung radiography and ultrasonography were performed for central venous catheter
complications.

Catheter-related infection was determined according to the ”"Centers for Disease
Control” criteria[10]. Catheter tip colonization was accepted if more than 15 colony-
forming units microorganisms were produced from the catheter tip. Local signs for
catheter-induced local infection (induration, edema, heat increase, purulent yeast
arrival) and the reproduction of microorganisms in catheter tip culture were noted.

Criteria used in determining the location of the central venous catheter

In the emergency department, ultrasonography was not commonly used until 2018.
For this reason, none of the 1042 patients could be subjected to catheter placement
accompanied by ultrasonography. Accompanied by ultrasonography, we were unable
to learn about complications that may occur as a result of catheter placement. But for
catheter placement, all patients were applied with some criteria. These criteria are as
follow.

Jugular catheters: Elderly, cachectic, superficial vein structure, lack of coagulopathy
barrier, lack of local wound infection, low risk of pneumothorax, rapid venous return,
and direct compression in bleeding. Right or left catheter placement was performed
according to the current condition of the patient and the experience of the clinician.

Subclavian catheters: Obesity, the dressing was comfortable, the placement procedure
was possible while ensuring airway control, there was no local infection, no
coagulopathy, and the right or left catheter was placed according to the experience of
the clinician.

Femoral catheters: Fast intervention with high success rate, no local infection, no
coagulopathy, no division during cardiopulmonary resuscitation and/or intubation,
no risk of pneumothorax, no Trendelenburg position, cachectic patients and according
to the experience of the clinician, right or left catheters were placed. However, due to
the current location of the inguinal region, jugular or subclavian catheters were
preferred more because of the high risk of infection, although sterility was taken into
consideration.

Laboratory design: Hemogram and biochemical blood samples of the patients were
taken at the emergency service. Hemogram was measured using Sysmex DI-60 CBC
Analyzer (Istanbul, Turkey). Biochemistry was analyzed by Beckman Coulter
Automated AU-680 (Beckman Coulter, Inc., Fullerton, CA, United States). Hemogram
and biochemistry results were studied between 45-60 min.

Statistical analysis

The data obtained from the study were analyzed with the SPSS 20 (SPSS Inc., Chicago,
IL, United States) package program. Kolmogorov-Smirnov test was performed while
investigating the normal distributions of the variables. Descriptive statistics were
presented as mean * SD or median (minimum-maximum) for continuous variables
and as the number of cases and percentage (%) for nominal variables. When examining
the differences between groups, Mann-Whitney U and Kruskal-Wallis H tests were
used because the variables did not come from the normal distribution. ?analysis was
used when examining the relationships between groups of nominal variables. Receiver
operating characteristic curve analysis was performed to predict the development of
mortality. While interpreting the results, values below the significance level of 0.05
were considered statistically significant.
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RESULTS

The mean age of the patients was 60.99 £ 19.85 years (minimum 18-maximum 99); 423
(40.6%) of them were women. The mean age of jugular vein catheter patients was 60.74
+20.20 years, and 339 (40%) were female. The mean age of SCV catheter patients was
59.66 + 19.17 years, and 42 (27.3%) were female. The mean age of FV catheter patients
was 63.67 + 18.57 years and 42 (42%) were women. Hospitalization time was 11.89 +
16.38 d. The patients who were catheterized were not statistically significant with age (
P =0.939), but there was a significant correlation with gender (P = 0.009) and hospital-
ization time (P = 0.040). Also, blood glucose, blood urea nitrogen, creatinine, and
serum potassium were statistically significant from the biochemical values of the
patients who were catheterized. The relationship with other biochemical values could
not be determined. Among the hemogram parameters, it was statistically significant
with hemoglobin and mean corpuscular hemoglobin concentration, and no correlation
was found with other values (Table 1).

In the analysis of the patients by catheter site, gender (P = 0.004), developing
complications (P = 0.009), and final decision stage (P = 0.001) were statistically
significant. While 174 (16.7%) of all patients were treated on an outpatient basis, 783
(75.1%) of them were found to be cured, and 85 (8.2%) died (P = 0.001, Table 2).

In the analysis of patients with their diagnosis according to the catheterized region,
in general, the right IJV catheter was inserted most often. In addition, the right FV in
multiple organ failure, the left SCV in chest injuries, burns, piercing-cutting tool
injuries, and cardiopulmonary resuscitation, and the right SCV in cardiovascular
diseases were the most common catheter-inserted vein (Table 3).

The analysis of the patients according to the services they received while hospit-
alized after being catheterized is shown in Table 4.

In receiver operating characteristic curve analysis of hospitalization time and
mortality, the area under curve was 0.575, the 95% confidence interval was 0.496-0.653,
the sensitivity was 71%, and the specificity was 89% (P = 0.001) (Figure 1).

DISCUSSION

Intravenous catheters, one of the indispensable tools in modern medical practices, are
applied for specific purposes and can be used for a long time. Although central venous
catheters provide great benefits for patients, they also cause significant mortality and
morbidity due to both mechanical and infectious complications[11,12]. In emergencies
and critical patient follow-up, CVC is often needed. However, there are important
points to be considered in CVC. First of all, it should be preferred to use a central vein
with a large flow rate and high current. For this purpose, percutaneous IJV, SCV, and
FV are used in CVC[4]. Right IJV is preferred primarily because of its straight
connection with the superior vena cava and its short distance to the right atrium[7].
Left IJV should be the next choice because it reaches the superior vena cava by
angulation twice, and catheterization is technically difficult. If there are coagulation
and bleeding disorders, SCV catheterization is high risk, and in these cases,
extrathoracic veins such as IJV or FV should be used[3,7,8]. Mickley[8] stated that the
right IJV should be used if possible for central venous interventions and hemodialysis
catheters. Central vein catheterization is a generally accepted protocol using the
original Seldinger technique[9]. The Seldinger technique was used in all cases, and the
rules of asepsis were adhered to. Right IJV was observed in 56.7% of the cases, left IJV
in 14.8%, right SCV in 6.5%, left SCV in 8.4%, right FV in 7.4%, and left FV in 6.1%.
CVC can cause some complications. Early complications include arterial puncture,
development of hematoma, nerve injury, pneumothorax, hemothorax, difficulty in
cannulation, and arrhythmia. No complications were observed in 92.9% of our
patients, most of whom had IJV intervention. In addition to expected complications
such as pneumothorax and hemothorax, complications such as brachial plexus injury
due to SCV catheterization or massive retroperitoneal hemorrhage due to femoral
catheterization can be seen[13,14]. Pneumothorax was seen in 4 (0.4%) cases, one right
subclavian and three left subclavian cases. All of these patients were cachectic and in
poor general condition. Catheter dysfunction is caused by catheter malposition,
catheter kinking, or catheter compression[15,16]. Bending and breaking of the
guidewire in the vein was detected in a total of 2 (0.2%) patients, one in the left SCV
and the other in the right FV. In preventing early catheter dysfunction, IJV catheter-
ization may be an advantage in priority. In total, 8 (0.8%) of the patients had bleeding,
30 patients (2.9%) had artery puncture, 1 patient had hematoma, and 2 patients had
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Table 1 Basal and laboratory features of the inserted catheters

Catheter area inserted

All patients, n=1042, Jugular, n =743, Subclavian, n = 155, Femoral, n = 144,

mean * SD mean + SD mean + SD mean + SD Palue
Baseline characteristics
Age, yr 60.99 +19.85 60.74 +20.20 59.66 £19.17 63.67 +18.57 0.939
Sex, female/male 423/619 339/449 42/112 42/58 0.009
Hospitalization time 11.89 +£16.38 12.50 +16.03 11.00 +20.08 9.73 +13.39 0.040
Laboratory finding
Biochemistry
BS, mg/dL 139.45 +101.56 145.21 £112.63 120.35 + 55.74 130.30 +72.49 0.008
BUN, mg/dL 42.77 +41.29 51.11 + 44.40 19.65 +£13.91 24.58 +26.42 0.001
Creatinine, mg/dL 2.62+2.89 3.20+3.14 0.99 +0.68 1.37+1.68 0.001
TBIL, mg/dL 0.87 +0.84 0.82+0.63 0.80 +0.88 1.22+143 0.485
AST, mg/dL 37.65 +47.22 32.56 + 25.60 40.04 +60.05 61.38 +£90.77 0.508
ALT, mg/dL 35.81 +49.37 30.31 £26.18 38.58 + 67.59 61.21 +91.95 0.710
ALP, mg/dL 108.57 + 64.10 104.95 £ 56.71 104.66 + 59.33 131.48 £93.90 0.569
Na, mmol/L 138.61 +5.38 138.68 £5.33 138.22 £5.07 138.68 £ 5.96 0.125
K, mmol/L 5.00 £1.03 513+1.10 5.07+0.71 4.79+0.70 0.027
Cl, mmol/L 100.23 +6.23 100.18 £ 6.11 100.41 + 6.95 100.29 + 6.04 0.778
Amylase 89.98 +49.88 87.93 + 47.66 91.64 +53.25 98.78 + 56.30 0.419
CRP, mg/dL 444 +£8.12 3.53 +5.14 432+7.65 9.26 +15.90 0.925
Hemogram
WBC, x 10°/UL 10.57 £ 4.51 10.26 +3.59 10.32 £ 4.05 1249+ 7.72 0.228
Hb, g/dL 13.77 £2.07 13.63 £2.12 14.09 +1.77 14.16 +1.98 0.017
Hct, % 4217 +6.62 42.07 £6.78 42.23 +5.80 42.62 + 6.65 0.737
MCV, fL 87.74+6.29 87.71 +6.42 87.45+6.18 88.24+5.70 0.927
MCH, pg 29.37 £2.36 29.30 +£2.41 29.48 +£2.29 29.67 £2.20 0.905
MCHC, g/dL 33.25+1.36 33.19 £1.37 33.47 £1.29 33.29 +1.36 0.002
RDW, % 14.69 £1.73 14.74 £1.79 14.45 +1.50 14.66 +1.61 0.082
PLT, x 103/uL 248.22 + 80.14 248.71 +76.33 256.88 +76.01 236.42 +100.38 0.073
MPV, fL 8.48 +1.01 8.54+1.03 8.33 +1.06 8.34 +0.86 0.085

ALP: Alkaline phosphatase; ALT: Alanine aminotransferase test; AST: Aspartate aminotransferase test; BS: Blood sugar; BUN: Blood urea nitrogen; Cl:
Chlorine; CRP: C-reactive protein; Hb: Hemoglobin; Hct: Hematocrit; K: Potassium; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular
hemoglobin concentration; MCV: Mean corpuscular volume; MPV: Mean platelet volume; Na: Sodium; PLT: Platelet; RDW: Red cell distribution width;
SD: Standard deviation; TBIL: Total bilirubin; WBC: White blood cell.

difficulty catheterizing. In similar studies, the incidence of carotid artery puncture was
reported between 2.0%-9.9% during catheterization of IJV[5]. Most of the difficulties in
arterial puncture and cannulation observed in our catheterization-related cases were
obesity, short neck, elderly, and poor general condition as the main cause of these
early complications.

During jugular catheterization, complications such as Horner Syndrome,
arrhythmia, and cardiac tamponade have been reported, as well as the development of
carotid-jugular arteriovenous fistula due to carotid puncture[17,18]. In a total of 4
(0.4%) cases, no other complications were observed except arrhythmia. It is recom-
mended to monitor the patient during the jugular site catheterization and to take a
chest radiograph after the application[19]. Both examinations are routinely performed
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Table 2 Analysis of the inserted catheter area according to gender, complication, and final situation

Catheter area inserted

R jugular, n L jugular, n Rsubclavian,n L subclavian,n  Rfemoral,n L femoral, n '(I;Z;al,n Calue
(%) (%) (%) (%) (%) (%)
Gender
Female 248 (42.0) 73 (47.4) 20 (29.4) 23 (26.1) 30 (39.0) 29 (45.3) 423 (40.6)  0.009
Male 343 (58.0) 81 (52.6) 48 (70.6) 65 (73.9) 47 (61.0) 35 (54.7) 619 (59.4)
Complication
No 583 (98.6) 149 (96.8) 63 (92.6) 75 (85.2) 49 (63.6) 46 (71.9) 965 (92.6)  0.001
Pntx 0 0 1(1.5) 3 (3.4) 0 0 4(0.4)
GW 0 0 0 0 1(1.3) 1(1.6) 2(0.2)
Bleeding 2(03) 0 0 4 (4.5) 1(1.3) 1 (1.6) 8(0.8)
WI 2(0.3) 1(0.6) 1(1.5) 1(1.1) 2(2.6) 6 (9.4) 13 (1.2)
Al 4(0.7) 4(26) 2(2.9) 3 (3.4) 11 (14.3) 3 (47) 27 (2.6)
Sepsis 0 0 1(1.5) 2(2.3) 13 (16.9) 7 (10.9) 23 (2.2)
Decision
OPT 104 (17.6) 28 (18.2) 12 (17.6) 14 (15.9) 9(11.7) 7(10.7) 174 (16.7)  0.001
DWH 484 (81.9) 121 (78.6) 46 (67.6) 58 (63.6) 35 (45.5) 41 (64.1) 783 (75.1)
Mortality 3(0.5) 5(3.2) 10 (14.7) 18 (20.5) 33 (42.9) 16 (25.0) 85 (8.2)
Total 591 (100) 154 (100) 68 (100) 88 (100) 77 (100) 64 (100) 1042 (100)

AI: Arterial intervention; DWH: Discharged with healing; GW: Guide wire; L: Left; Pntx: Pneumothorax; OPT: Outpatient treatment; R: Right; WI: Wound
infection.

in our cases. Also, in cases with arrhythmia, the guidewire was withdrawn to a certain
extent, the procedure was interrupted, and major complications were prevented.

The average staying time of temporary catheters should not exceed 3-4 wk for IJV
and SCV catheters and 2 wk for femoral catheters[5]. The average length of stay in our
study did not exceed 2 wk. The length of stay of the catheter is associated with both
thrombotic complications and the risk of infection[20].

In the study of Cook et al[21], it was stated that changing catheters at short intervals
did not decrease the frequency of colonization and infection. Because catheter
insertion is a traumatic procedure and there is a risk that asepsis conditions may
deteriorate during catheter insertion, installing a new catheter in itself poses a risk of
catheter-related infection. It is known that there is a directly proportional relationship
between catheter insertion time and catheter colonization and catheter-related
infection[22,23]. Chen et al[24] found that the stay of the catheter for more than 7 d was
significant in terms of catheter-related infection.

Infections developing in CVC for various reasons lead to very serious complications
including patient mortality[25]. Early infection is associated with contamination
during catheter insertion, skin infection, or catheter pathway infection. Late infection is
often accompanied by endoluminal catheter contamination[26]. Two types of
infections are observed: local infection and systemic infections. Staphylococcus aureus (
S. aureus) and S. epidermiditis are the most common microorganisms isolated during
catheter-related bacteremia. This risk increases in the presence of wound infection. The
risk of infection is higher with FV catheters than with SCV and IJV catheters[27]. In our
study, wound infection due to catheters was detected in 13 (1.2%) cases. Localized
infection findings were observed in 8 (0.7%) FV, 3 (0.3%) IJV, and 2 (0.2%) SCV.
Although S. aureus and S. epidermiditis grew in the samples taken from the wound site,
there was no growth in the samples taken from the catheter tip. Blood cultures were
not routinely sent from the patients. We think that there was no growth in the catheter
tip cultures, care for sterility while inserting the catheter, careful and regular dressing
of the insertion site, and not using the catheters for more than 3 wk.
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Table 3 Analysis of inserted catheter sites according to diseases

Catheter area inserted

Diagnosis Rjugular,n Ljugular,n Rsubclavian,n L subclavian,n R femoral,n L femoral, n :;Z;al’ 5
(%) (%) (%) (%) (%) (%)
Renal diseases 228 (38.5) 43 (27.9) 1(1.5) 2(2.3) 6(7.8) 5(7.8) 285 (27.3)
Respiratory diseases 45 (7.6) 8 (5.1) 3(44) 3(3.4) 16 (20.8) 6 (9.4) 81 (7.8)
Endocrine diseases 34 (5.8) 7 (4.5) 1(1.5) 0 4(5.2) 0 46 (4.4)
Multiple organ insufficiency 0 0 1(1.5) 2(2.3) 12 (15.6) 7 (10.9) 22 (2.1)
Gastrointestinal system 56 (9.5) 12 (7.8) 2(2.9) 0 0 3(4.7) 73 (7.0)
bleeding
Gastrointestinal system 27 (4.6) 2 (1.3) 2(2.9) 0 5 (6.5) 1(1.6) 37 (3.6)
perforations
Cerebrovascular diseases 61 (10.3) 16 (10.4) 0 1(1.1) 4(5.2) 3(4.7) 85 (8.2)
Thoracic traumas 1(0.2) 0 7 (10.3) 14 (15.9) 0 0 22 (2.1)
Traffic accidents 12 (2.0) 7 (4.5) 1(1.5) 2(2.3) 0 0 22 (2.1)
Malignancies 30 (5.1) 7 (4.5) 4(5.9) 1(1.1) 4(5.2) 4(6.3) 50 (4.8)
Firearm injury 5(0.8) 3(1.9) 3 (4.4) 4 (4.5) 1(1.3) 1(1.6) 17 (1.6)
Cardiac diseases 39 (6.6) 22 (14.3) 1(1.5) 1(1.1) 5 (6.5) 13 (20.3) 81 (7.8)
Cardiovascular diseases 1(0.2) 2(1.3) 3(4.4) 3(3.4) 6(7.8) 0 15 (1.4)
Falls 26 (4.4) 15 (9.7) 12 (17.6) 7 (8.0) 3(3.9) 6(9.4) 69 (6.6)
Burns 22 (3.7) 9(5.8) 18 (26.5) 27 (30.7) 8 (10.4) 12 (18.8) 96 (9.2)
Amputation 1(0.2) 1(0.6) 0 2(2.3) 0 0 4(0.4)
Penetrating tool injury 3(0.5) 0 8 (11.8) 11 (12.5) 1(1.3) 1(1.6) 24 (2.3)
Cardiopulmonary 0 0 1(1.5) 8(9.1) 2(2.6) 2(3.1) 13 (1.2)
resuscitation
Total 591 (100) 154 (100) 68 (100) 88 (100) 77 (100) 64 (100) 1042 (100)

L: Left; R: Right.
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Blot et al[28] found that S. aureus, coagulase negative Staphylococcus, and Pseudo-
monas aeruginosa were the most frequently isolated agents in catheter-related infections
and catheter colonization. Chen et al[24] often isolated Gram-positive cocci and yeasts
in cases of catheter-related infection. In the study of Yapar et al[29], 14 of 97 patients
using long-term CVC had a catheter-related infection, 28.5% of the agents were
coagulase negative Staphylococcus, 21.4% S. aureus, 21.4% Acinetobacter species, and
14.5% Klebsiella pneumoniae. It has been reported that 7.1% are Pseudomonas species, and
7.1% are Escherichia coli. Although catheter-related blood infections vary according to
the size of the hospital, the unit, and the type of catheter, studies have reported that it
ranges between 2.5% and 14.5%[25]. In our study, sepsis developed due to infection in
23 (2.2%) patients. Most of these patients were detected in 13 (1.2%) cases in the right
FV and 7 (0.7%) cases in the left FV. All of these cases consisted of obese, poor general
condition, and intensive care patients. In 6 (0.6%) of these blood culture cases, S.
aureus, 3 (0.3%) coagulase negative Staphylococcus, 2 (0.2%) Pseudomonas aeruginosa, 3
(0.3%) Acinetobacter species, 7 (0.7 %) Escherichia coli, and 2 (0.2%) Gram-positive cocci
were found to reproduce. While 174 (16.7%) of all patients were treated on an
outpatient basis, 783 (75.1%) of them were found to be cured, and 85 (8.2%) died. The
reason for the high mortality rate is that the general condition of patients with
catheters inserted is poor, the coma score is low, and most patients need care.

CONCLUSION

CVC s an indispensable application especially for emergency services and brings with
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Table 4 Analysis of the inserted catheter areas according to the services where the patients were hospitalized

Catheter area inserted

. . Total, n
Hospital services Rjugular,n Ljugular,n Rsubclavian,n L subclavian,n R femoral,n L femoral, n (%)
(%) (%) (%) (%) (%) (%)
Emergency department 94 (15.9) 27 (17.5) 12 (17.6) 14 (15.9) 10 (13.0) 10 (15.6) 167 (16)
Infectious diseases service 11 (1.9) 2(1.3) 1(1.5) 1(1.1) 3(3.9) 4 (6.3) 22 (2.1)
General internal medicine service 173 (29.3) 45(29.2) 5(7.4) 1(1.1) 9(11.7) 8 (12.5) 241 (23.1)
Nephrology service 99 (16.8) 21 (13.6) 0 3(3.4) 7 (9.1) 5(7.8) 135 (13)
Gastroenterology service 29 (4.9) 7 (4.5) 0 0 0 2(3.1) 38 (3.6)
Intensive care unit 40 (6.8) 10 (6.5) 13 (19.1) 17 (19.3) 31 (40.3) 20 (31.3) 131 (12.6)
Cardiology service 12 (2.0) 3(1.9) 1(15) 2(2.3) 1(1.3) 1(1.6) 20 (1.9)
Brain surgery service 24 (4.1) 7 (4.5) 5 (7.4) 7 (8.0) 2 (2.6) 3(47) 48 (4.6)
Thoracic surgery service 4(0.7) 4(2.6) 6(8.8) 13 (14.8) 4(5.2) 2(3.1) 33 (3.2)
Chest diseases service 18 (3.0) 7 (4.5) 0 1(1.1) 1(1.3) 1(1.6) 28 (2.7)
General surgery service 46 (7.8) 3(1.9) 8 (11.8) 9(10.2) 7 (9.1) 4(6.3) 77 (7.4)
Cardiovascular surgery service 10 (1.7) 0 7 (10.3) 10 (11.4) 1(1.3) 1(1.6) 29 (2.8)
Orthopedics and traumatology 10 (1.7) 13 (8.4) 10 (14.7) 6 (6.8) 0 2(3.1) 41 (3.9)
service
Plastic and reconstructive 4(0.7) 2(1.3) 0 4 (4.5) 0 1(1.6) 11 (1.1)
surgery service
Neurology service 17 (2.9) 3(1.9) 0 0 1(1.3) 0 21 (2.0
Total 591 (100) 154 (100) 68 (100) 88 (100) 77 (100) 64 (100) 1042 (100)
L: Left; R: Right.
Hospitalization time
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Figure 1 Mortality analysis of hospitalization time. ROC: Receiver operating characteristic.
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it the risk of many complications. Complications in the subclavian and FVs are more
common in long-term use. Jugular vein catheterization can be preferred primarily due
to the difficulties in application and the low number of complications. In addition,
prevention of risk factors with infection control policies and measures developed can
significantly reduce catheter-related infection rates.

ARTICLE HIGHLIGHTS

Research background
Risk assessment in patients with a central venous catheter is necessary to prevent some
unwanted consequences associated with invasive procedures.

Research motivation
The impact on the clinical, morbidity, and mortality of patients with central venous
catheters in the emergency room population is worth investigating.

Research objectives

We aimed to determine whether there is a definite risk factor in short-term emergency
room stay as the primary outcome of patients with central venous catheters and as a
secondary outcome whether there is long-term morbidity and mortality at the time of
hospitalization.

Research methods

In this study, 1042 patients who were admitted to the emergency department between
2005 and 2015 were analyzed, retrospectively. The patients in whom a central venous
catheter was placed in the study were divided into three groups as jugular, subclavian,
and femoral. Complications, diagnosis, and hospital stay after catheter insertion were
evaluated.

Research results

The mean age of the patients was 60.99 + 19.85 years; 423 (40.6%) of them were
women. Hospitalization time was 11.89 + 16.38 d. The mean age of the patients with
jugular catheters was 60.74 + 20.20 years, and 339 (40%) of them were women. The
mean age of subclavian catheter patients was 59.66 * 19.17 years, and 42 (27.3%) of
them were women. In femoral catheters, the mean age was 63.67 + 18.57 years, and 42
(42%) were women. There was a significant relationship between the inserted catheters
with gender (P = 0.009) and hospitalization time (P = 0.040). , the biochemical values of
the placed catheters were statistically significant with blood glucose, blood urea
nitrogen, creatinine, and serum potassium. A significant association was observed in
the analysis of patients according to complications (P = 0.001) and outcome stage (P =
0.001). While 174 (16.7%) of all patients were treated on an outpatient basis, 783
(75.1%) of them were found to be cured, and 85 (8.2%) died. In receiver operating
characteristic curve analysis of hospitalization time and mortality, the area under
curve was 0.575, the 95% confidence interval was 0.496-0.653, the sensitivity was 71%,
and the specificity was 89% (P = 0.040).

Research conclusions

The jugular vein is safer and more comfortable for patient compliance between central
venous catheters. Femoral vein catheters are at higher risk for infection. Changing
central catheters frequently does not reduce the risk of infection and complications.

Research perspectives

Subclavian catheters have a high risk of hemopneumothorax in cachectic patients.
Jugular catheters are safe. However, it is not preferred due to the discomfort of the
patients and the limited neck movements. It is difficult to attach a jugular catheter to
short and obese patients. Also, artery puncture is common. Femoral catheters are the
group with the highest infection rate.
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Abstract

BACKGROUND

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections is
diagnosed via real time reverse transcriptase polymerase chain reaction (RT-PCR)
and reported as a binary assessment of the test being positive or negative. High
SARS-CoV-2 viral load is an independent predictor of disease severity and
mortality. Quantitative RT-PCR may be useful in predicting the clinical course
and prognosis of patients diagnosed with coronavirus disease 2019 (COVID-19).

AIM
To identify whether quantitative SARS-CoV-2 viral load assay correlates with
clinical outcome in COVID-19 infections.

METHODS

A systematic literature search was undertaken for a period between December 30,
2019 to December 31, 2020 in PubMed/MEDLINE using combination of terms
“COVID-19, SARS-CoV-2, Ct values, Log,, copies, quantitative viral load, viral
dynamics, kinetics, association with severity, sepsis, mortality and infec-
tiousness”. After screening 990 manuscripts, a total of 60 manuscripts which met
the inclusion criteria were identified. Data on age, number of patients, sample
sites, RT-PCR targets, disease severity, intensive care unit admission, mortality
and conclusions of the studies was extracted, organized and is analyzed.

RESULTS

At present there is no Food and Drug Administration Emergency Use Author-
ization for quantitative viral load assay in the current pandemic. The intent of this
research is to identify whether quantitative SARS-CoV-2 viral load assay
correlates with severity of infection and mortality? High SARS-CoV-2 viral load
was found to be an independent predictor of disease severity and mortality in
majority of studies, and may be useful in COVID-19 infection in susceptible
individuals such as elderly, patients with co-existing medical illness such as
diabetes, heart diseases and immunosuppressed. High viral load is also associated
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with elevated levels of TNF-a, IFN-y, IL-2, IL-4, IL-6, IL-10 and C reactive protein
contributing to a hyper-inflammatory state and severe infection. However there is
a wide heterogeneity in fluid samples and different phases of the disease and
these data should be interpreted with caution and considered only as trends.

CONCLUSION

Our observations support the hypothesis of reporting quantitative RT-PCR in
SARS-CoV-2 infection. It may serve as a guiding principle for therapy and
infection control policies for current and future pandemics.

Key Words: COVID-19; SARS-CoV-2; Viral load; Severe sepsis; Dynamics; Mortality

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: High viral load in Coronavirus-2 infections is an independent predictor of
disease severity, mortality and prognosis. However there is a wide heterogeneity in
fluid samples at different phases of the disease and data should be interpreted with
caution. In aggregate, observations support the hypothesis of checking and reporting
viral load by quantitative real time reverse transcriptase polymerase chain reaction,
instead of binary assessment of a test being positive or negative. Longitudinal analysis
with viral loads should be conducted for interpretation of outcome data. This may be
the guiding principle for therapy and infection control policies for future pandemics.

Citation: Shenoy S. SARS-CoV-2 (COVID-19), viral load and clinical outcomes; lessons
learned one year into the pandemic: A systematic review. World J Crit Care Med 2021; 10(4):
132-150

URL: https://www.wjgnet.com/2220-3141/full/v10/i4/132.htm

DOI: https://dx.doi.org/10.5492/wjccm.v10.i4.132

INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic and
associated mortality continues to rise and spread unabated in United States and
worldwide. Coronavirus disease 2019 (COVID-19) infection is diagnosed via real time
reverse transcriptase polymerase chain reaction (RT-PCR). However this assessment is
qualitative and reported as a binary positive or a negative test. There is an urgent need
to identify high risk patients early in the course of the illness, which includes rapid
testing. Quantitative viral load may provide valuable assessment in risk stratification
and may assist with early implementation of therapy in susceptible populations such
as elderly, immunosuppressed patients with comorbidities.

Quantitative viral RNA load as determined by qRT-PCR assay and reported as cycle
threshold (Ct < 38) value and/or log,, (viral copies/mL) from respiratory or blood
specimens is a critical factor in diagnosing SARS-CoV-2 virus infection[1-60]. In
addition, viral load dynamics in body fluids such as plasma, serum, urine, feces is
emerging as a factor in determination of severe inflammation, infectiousness and
transmissibility of COVID-19[1-60].

Similar association of high viral load along with age, comorbidities and elevated
mortality were also demonstrated during the previous SARS-CoV, pandemic in Hong
Kong in the year 2003 and MERS-CoV pandemic in middle east in 2012[61-64].

At present there is no Food and Drug Administration (FDA) Emergency Use
Authorization issued for quantitative viral load assay in the current pandemic[59]. The
intent of this research is to identify whether quantitative SARS-CoV-2 viral load assay
correlates with clinical outcomes, particularly if there is any correlation with severity
of infection and mortality? This a correlation study and does not imply causation. The
author qualitatively examined the available data from different manuscripts to find
patterns and generate a hypothesis for future research. These may assist clinicians;
epidemiologist and health care policy makers develop strategies to improve care in
COVID-19 sepsis.
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MATERIALS AND METHODS

A systematic literature search was undertaken in PubMed/MEDLINE using
combination of terms “COVID-19, SARS-CoV-2, Ct values, Log,, copies, quantitative
viral load, viral dynamics, kinetics, severity of symptoms, sepsis, mortality”” for a
period between December 30, 2019 to December 31, 2020. Review of manuscripts was
performed according to principles outlined in Cochrane handbook. Figure 1 (PRISMA
flow diagram).

Due to an explosion of COVID-19 related research and manuscripts, search was
limited to adult (> 18 years) human subjects and published in English language
journals. All data is retrospective, de-identified and conforms to the ethical principles
in “Declaration of Helsinki”. Manuscripts from preprint non-peer reviewed servers,
review articles and individual case reports were excluded. After screening 990
manuscripts, a total of 60 manuscripts which met the inclusion criteria were identified.
Data on age, number of patients, sample sites, RT-PCR targets, disease severity,
intensive care unit (ICU) admission, mortality and conclusions of the studies was
extracted, organized and presented (Table 1). Other relevant articles with relevant
information on viral load assessment and mortality, severity and infectiousness and
transmission were also included for discussion purposes. During the course of the
pandemic in the year 2020, the author followed the PubMed literature on the research
question and carefully tracked and evaluated the consistency and quality of the
published articles to ensure credibility, reliability, transferability and reduce the risk of
bias. The full text of selected articles was fully read, and the key findings were
extracted. To establish reliability the author recorded the data in a table and updated
assessment of the results. The use of the tables for recording manuscripts provided this
researcher with a chance to evaluate the results of the data provided in each
manuscript and follow the trends in this topic. The table also helped in construction of
concise conclusions of the data. The table is transparent and reproducible and may be
useful for other researchers to follow upon.

Due to a high heterogeneity in patient population, data from different countries,
different methods in sampling, comorbidities, and different parameters used, the
content was analyzed and is summarized using qualitative (descriptive) terms. Data
with P value (< 0.05) was considered statistically significant.

RESULTS

Sixty manuscripts met the inclusion criteria with our research question, and are
summarized[1-60]. Twenty eight manuscripts (46%) were reported from Chinal1,2,4-
13,15,17,20-22,25,26,29,32,36,38,39,42,43,52,54], Eight (13%) studies from United States
[27,28,30,35,40,53,59,60], Four (6%) were from France[3,33,37,56] and South Korea[19,
31,34,50], Three (5%) from Spain[48,57,58], Two (3%) were from Italy[18,24] and
Germany([14,41] and One manuscript (2%) was from Switzerland[16], Hong Kong[23],
Sweden[44], Norway[45], Israel[49], Greece[55], Japan[47], Turkey[46], Brazil[51]
Table 1).

( A totzﬂ of 10514 patients were pooled from all reported studies. Quantitative RT-
PCR and viral dynamics are reported in samples obtained from nasopharyngeal and
oropharyngeal swabs, saliva, sputum, bronchial/tracheal lavage, feces, plasma/serum
and urine samples. All studies had initial COVID-19 diagnosed on upper respiratory
samples. Subsequent quantitative viral load was obtained and described from various
other specimens and body fluids.

RT-PCR targets of SARS-CoV-2 virus included the following genes: ORF1 (open
reading frame), N (Nucleocapsid), E (Envelope), RdRp (RNA dep RNA polymerase),
5’UTR (5'untranslated region). Forty-three studies (70%) reported viral kinetics in Ct
values and 18 (30%) reported it as Log;,copies/mL values.

Association between viral load and disease severity

Thirty-six studies (7222 patients) demonstrated a significant association between
pharyngeal viral load at onset of symptoms with severity of COVID -19 and ICU care
[4-9,13,15,17-20,24,26,27,29,30,32,33,36-38,41,42,44,45,48,49,51-56,58,59]. The majority of
these studies reported highest viral load at onset of symptoms.

Most studies consistently defined severity of illness and sepsis as: Respiratory rate >
30 beats/min, resting-state oxygen saturation < 93%, arterial partial pressure of
oxygen/oxygen concentration < 300 mm Hg or mechanical ventilation, shock, or
multiple organ failure requiring care in ICU[4,8,29,65].
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Table 1 Manuscript evaluating quantitative viral load assay and coronavirus disease 2019 outcomes. Sixty manuscripts meet the inclusion criteria

Quantitative viral load reported

Correlation with

Number of . . . Correlation P . .
Ref./country . Age (yr) Sampled sites as Ct values or Log,, copies severity of . . Merits of the study/key points
patients . with mortality  value
ImL |IRTPCR gene target sepsis
He et al[1], China 94 Median Nasopharynx Ctvalues/; N gene Not reported Not reported NR Highest viral load at pre-symptomatic stage and infectiousness peaks
47 yr before symptom onset.
Xu et al[2], China 51 Median Nasopharynx, BAL, Anal ~ Ct values/; ORFlab and N gene No No >0.05 The quantitative viral load and infectiousness may be the similar for
37 yr swab primary (imported form epicenter) and secondary and tertiary exposed
group of patients but decrease rapidly (in 14 d) in tertiary patients.
Lescure et al[3], 5 Median Nasopharynx, Stool, Log;,copies/mL; RARp-IP1 gene, E No Inadequate NR Presymptomatic patients may have a high viral load and be highly
France 46 yr Plasma gene sample size infectious.
Liu et al[4], China 76 Median Nasopharynx Ct values; Gene not reported Yes No < Patients with severe COVID-19 have a higher mean viral load (60 times
50 yr 0.005  higher) and long shedding period.
To et al[5], China 23 Median Oropharynx Log;jcopies/mL/; RdRp gene Yes Not reported 0.56 Peak viral load occurs at onset of symptoms and is correlated with
62 yr increasing age and severity although not statistically significant.
Shen et al[6], China 5 Median Nasopharynx Ct values; Gene not reported Yes No NR Patients with severe sepsis and high quantitative viral load benefit from
60 yr convalescent plasma. The viral load became negative in all 5 patients in
12 d with clinical improvement.
Duan et al[7], China 10 Median Nasopharynx Ct values; ORFlab and N gene Yes No < Resolution of severe sepsis and negative viral load with convalescent
52.5 yr 0.001  plasma infusion.
Chen et al[8], China 48 Median Oropharynx. serum Ct values; ORFlab and N gene Yes Yes < Serum viremia and viral load associated with severity and poor
63 yr 0.001  prognosis. High RN Aaemia is associated with elevated IL-6 levels.
Pan et al[9], China 82 Not Oropharynx. Sputum, Log;,copies/mL; N gene Yes Yes NR Viral load is high on presentation. Stool samples may turn positive later
reported  Stool in the disease.
Cao et al[10], China 199 Median Oropharynx Log,gcopies/mL; N and E gene Not reported No NR Lopinavir-Ritonavir did not aid with clinical improvement, reduce
58 yr mortality or reduce the viral loads.
Wang et al[11], 237 Median Oropharynx, Sputum Log;jcopies/mL; Gene not Not reported Not reported NR Remdesivir group does not decrease viral load compared to control
China 65 yr reported group, however it may have faster time to clinical improvement.
Zou et al[12], China 18 Median Nasopharynx, Ct values; ORF1b Not reported Not reported NR High viral load begins in the presymptomatic period and may suggest
59 yr Oropharynx high infectivity.
Wang et al[13], 23 Median Nasopharynx, Ct values; RdRp and N gene Yes None < High viral load and shedding from multiple tissues occurs for a
China 56 yr Oropharynx, sputum, 0.001  prolonged period in severe cases. Feces remains positive for a prolonged
fecal, urine, plasma time.
Waolfel et al[14], 9 Not Oropharynx, Sputum, Log;,copies/mL; RdRp and E gene  No No NR High viral load begins in the presymptomatic period and may continue
Germany reported  stool, serum, urine beyond 10 d after symptoms ensue suggest high infectivity. No
positivity in stool, urine or serum. All cases were with mild symptoms.
Zheng et al[15], 96 Median Nasopharynx, Ct values and Log, copies/mL; Yes Not reported 0.03 High respiratory viral load associated with disease severity and serum
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China

Baggio et al[16],
Swiss

Shi et al[17], China
Clementi et al[18],

Italy

Kwon et al[19],
Korea

Yu et al[20], China
Liu et al[21], China
Zhou et al[22],

China

Cheung et al[23],
Hong Kong

Azzi et al[24], Ttaly

Chen et al[25],
China

Huang et al[26],
China

Pujadas et al[27],
United States

Arons et al[28],
United States

Huang et al[29],
China

Magleby et al[30],
United States

Park et al[31], Korea

JRaishideng®

352 adults,
53 children

114

200

31

92

31

31

59

25

22

16

1145

57

308

678

55 yr

Mean 36.5
yr

Median
43.5yr

Mean 64
yr

Mean 50
yr

Mean 55
yr
Median
58 yr

Median
41 yr

Median
585 yr

Mean 61.5
yr

Median
36.5yr

Median
59.5 yr

Mean 64.6
yr

Mean 75
yr
Median
63 yr

Median
69 yr

Median
26 yr

Oropharynx, sputum,
fecal, urine, plasma

Nasopharynx

Oropharynx, serum

Nasopharynx

Nasopharynx

Sputum

Nasopharynx, sputum

Nasopharynx

Stool

Saliva

Saliva, feces, Oropharynx

Nasopharynx, sputum,
tracheal aspirates, fecal,
urine, plasma
Nasopharynx
Nasopharynx,
Oropharynx

Nasopharynx,
Oropharynx

Nasopharynx,

Nasopharynx,
Oropharynx, sputum,

WJCCM | https://www.wjgnet.com

ORFlab

Log;,copies/mL; ORFlab and E
gene

Log;,copies/mL; N gene

Ct values; ORFlab and E gene

Ct values; RdRp and N gene

Ct values/N and ORF1b

Ct values; ORFlab and N gene

Ct values; ORFlab and N gene

Log;jcopies/mL; Gene not

reported

Ct values; 5’UTR

Ct values; ORFlab and N gene

Ct values; N gene

Log;,copies/mL; RdRp and N gene

Ct values; N1 and N2

Ct values; ORFlab

Ct values; ORF1b and E gene

Ct values; RdRp, N and E gene

Not reported

Yes

Not reported

No

No

Yes

Yes

136

Not reported

Not reported

Not reported

None

No

Not reported

No

No

Not reported

Yes

Not reported

Yes

NR

0.001

0.08
0.093
0.017
NR
NR

0.019

=0.04

NR

<0.01

0.003
NR
0.001

0.001

NR

positivity and stool shedding occurs later and persists for a longer
period.

Children and adults can have same variation of viral loads, but risk of
transmission and lower susceptibility in children may have other
contributing factors.

High viral loads associated with severe sepsis in female patients.
Higher viral loads associated with older age group and severity of
sepsis.

High viral loads correlated with elevated cytokine profile and severity of
sepsis.

Higher baseline sputum viral load on admission is associated with
severe disease.

Viral load is higher in deep sputum samples and have a higher shedding
and transmission capacity.

Asymptomatic patients have high viral loads and continue viral
shedding and transmission.

Stool viral loads are higher in patients with diarrhea and may persist
after negative respiratory specimens.

High salivary viral loads may be associated with severe disease and may
persist after the negative respiratory specimens. High viral load
associated with high serum LDH suggestive of tissue damage.

Sputum and stool viral load remains positive after pharyngeal samples
turn negative. Indicating the infectivity may persist after negative
pharyngeal samples.

In severe cases higher viral load is demonstrated in deep sputum and
tracheal aspirates compared to upper respiratory tract specimens.

High viral load is an independent predictor of mortality.

High viral loads demonstrated in presymptomatic, asymptomatic cases,

favoring high transmissibility in close knit nursing home population.

High viral load associated with critical disease and mortality. Sputum
samples have higher viral loads.

High viral load is an independent risk factor for severe sepsis, intubation
and death.

High fecal viral load and shedding, follows and persists after respiratory
symptoms resolve for up to 50 d.
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Yu et al[32], China 76

Blot et al[33], France 14

Kim et al[34], Korea 13

Argyropoulos etal 205
[35], United States

Xu et al[36], China 85
Veyer et al[37], 58
France

Lin et al[38], China 217
Wang et al[39], 275
China

Kimbeall et al[40], 23
United States

Schwierzeck et al 12
[41] ,Germany

Xia et al[42], China 10
Huang et al[43], 41
China

Hagman et al[44], 167

Sweden

Prebensen et al[45], 123
Norway

Hasanoglu et al 60
[46], Turkey

Kawasuji et al[47], 28
Japan

JRaishideng®

Median
40 yr

Median
67 yr

Median
30 yr

Median
60 yr

Median
56 yr

Median
55.1 yr

Median
50 yr

Median
49 yr

Mean 80.7
yr

Not
reported

Mean 56.5
yr

Median
49 yr

Median
63

Median
64

Mean 32

Median
45

Stool
Nasopharynx,
Oropharynx, sputum,

urine, plasma

Broncho-alveolar fluid

Nasopharynx

Nasopharynx
Nasopharynx,
Oropharynx, serum
Plasma
Nasopharynx,
Oropharynx, anal
Oropharynx
Nasopharynx,
Oropharynx

Nasopharynx

Nasopharynx

Nasopharynx,
Oropharynx, sputum, BAL

Nasopharynx,
Oropharynx, sputum,
Blood

Nasopharynx,
Oropharynx, sputum,
Blood

Nasopharynx,
Oropharynx, sputum,

urine, Blood, rectal

Nasopharynx
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Ct values; ORF1b and N gene

Log;,copies/mL; RARp

Ct values; RdRp and E gene

Log;jcopies/mL; RARp and N gene

Ct values; ORF1b and N gene

Log, copies/mL; ORF1b and N

gene

Ct values; ORF1b and N gene

Ct values; ORF1b and N gene

Ct values; N1, N2 genes

Ct values; E and RdRp genes

Ct values; ORFlab and N gene

Ct values; 5UTR

Ct values; E, RdRp, ORF1 genes

Ct values for respiratory
specimens; Log;,copies/mL for
plasma samples; E gene

Ct values; RdRp gene

Log;,copies/mL; N gene

Yes

No

Decreased

No

No

Decreased

137

None

Not reported

No

Decreased

No

No

Decreased

0.001

0.013

NR

0.001
0.001
(_).036
5.006

0.824

0.007

NR
No
P<
0.05
0.001

0.0141

0.015
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Digital droplet PCR is superior for patients with high suspicion but
negative RTPCR. High viral load correlated with risk for progression
and disease activity.

Higher viral load associated with worse sepsis related organ failure
(SOFA) scores.

Patient with mild or asymptomatic infections are infectious before
symptoms appear and 14 d of isolation may be sufficient in

asymptomatic carriers.

Study shows inverse correlation of high viral load with duration,
severity of sepsis and no correlation with survival.

Detection of high serum viral load in the serum increases the severity of
organ damage, sepsis and mortality.

Detection of high Viral load in the serum increases the severity of
sepsis and mortality.

Anal viral load remains positive longer and is correlated with severity of
sepsis and ICU admission.

Similar viral loads between severe and mild cases, no correlation of viral
load to ICU admission, severity or mortality.

High viral loads in unrecognized asymptomatic and presymptomatic
patients may contribute to infectiousness and transmission.

High viral load, 200 times greater in symptomatic patients compared to
asymptomatic patients.

Higher viral load associated with severe symptoms and increased
neutrophil/lymphocyte ratio.

Patients with high viral load with RNAeamia had severe infection,
elevated cytokine levels, and mortality but not statistically significant.

Viral RNAemia on admission was associated with eight fold increased
risk of in hospital death.

Higher viral loads associated with ICU admission and death.

Viral loads in younger asymptomatic patients were significantly higher
compared to elderly, symptomatic patients.

High admission nasopharyngeal viral load associated with increased
risk of transmission.
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Bermejo-Martin et
al[48], Spain

Shlomai et al[49],
Israel

Ra et al[50], Korea

Faico-Filho et al
[51], Brazil

Chen et al[52],
China

Fajnzylber et al[53],
United States

Zhou et al[54],
China

Maltezou et al[55],
Greece

Bitker et al[56],
France

Carrasquer et al
[57], Spain

de la Calle et al[58],
Spain

Bryan et al[59],
United States

Choudhuri et al
[60], United States

250

170

213

875

52

88

195

1122

129

169

455

109

1044

Median
66

Median

62

Median
25

Median
48

Median
62

Median
57
Median
66
Mean 46
Median
69

Median

67

Mean 64

Mean 65

Mean 65

Nasopharynx,

Oropharynx, sputum,

urine, Blood, rectal

Nasopharynx

Nasopharynx

Nasopharynx

Blood, oropharynx

Nasopharynx,

Oropharynx, sputum,

Blood
Oropharynx
Nasopharynx,
Oropharynx

Nasopharynx,
Oropharynx, sputum
Nasopharynx
Nasopharynx

Nasopharynx

Nasopharynx

Log,copies/mL; N gene

Ct values; N gene

CT value; E, N, RdRp gene

Ct value; N gene

Logcopies/mL; ORFlab

Log;,copies/mL; N gene

Ct value; N gene, ORFlab

CT value; E, RdRp gene

Ct value; ORFlab

Ctvalue; E, N gene, ORFlab

Ct value; N gene

Ct value; N gene

Ct value; ORFlab

Yes

Yes

No

Yes

0.001

0.0001
None
0.0001
0.001
0.009
0.005
<0.05

<0.05

0.029

0.022

=0.01

0.001

Increased serum viral load associated with increased severity, mortality
and dysregulated host response.

Increased hypoxemia, severity and eight fold increase in mortality.
Comparable viral load in asymptomatic and symptomatic patients,

asymptomatic patients contribute to ongoing transmission.

Admission nasopharyngeal viral load was independently associated
with increased mortality.

Increased RN Aemia associated with severity, markers of inflammation
and mortality.

Increased viremia associated with severity, progression and mortality.

High viral load associated with multi organ failure and death.

High viral load correlated with intubation and in hospital mortality.

High viral load associated with increased mortality.

High viral load statistically not associated with in hospital mortality.

High viral load associated with respiratory failure, and 30 d mortality.

The high nasopharyngeal viral load on admission was independently

associated with greater mortality.

High viral load is an independent predictor of increased mortality.

Data on country of origin, age, number of patients, sample sites, real time reverse transcriptase polymerase chain reaction targets, correlation with sepsis and mortality and key conclusions. NR: Not reported; ORF: Open reading frame; E:
Envelope; N: Nucleocapsid; 5 UTR: 5 prime untranslated; RdRp: RNA dependent RNA polymerase; Ct: Cycle threshold; SOFA: Sequential organ failure assessment; ICU: Intensive care unit; COVID-19: Coronavirus disease 2019.
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There is variation observed in kinetics, tissue distribution and antibody response
between mild and severe infections. Wang et al[13] analyzed a cohort of 12 severe and
11 mildly ill patients and demonstrated a significant difference in the initial
nasopharyngeal peak viral load (P < 0.001) between two groups. Subsequent
prolonged viral shedding in other body fluids and stool occurred with detectable viral
load for up to 40 d (days) in severely ill compared to 15 d in mildly ill group. Viral
RNA was detected from respiratory tract, stool, plasma and urine samples in the

138
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Figure 1 PRISMA flow diagram.
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PubMed searches
(n=990)

Manuscripts identified through

Additional manuscripts identified
through other sources
(n=0)

Total number of manuscripts
(n=990)
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Y

Manuscripts screened
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Y

Full-text manuscripts
assessed for eligibility
(n=60)

v

Manuscripts included
(n=60)

Manuscripts excluded after
reviewing abstracts.
(n=930)
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severe group. Mildly ill patients had viral shedding restricted to respiratory tract and
no virus was detected 10 d after onset of symptoms[13].

Yu et al[20] analyzed their cohort of 92 patients and observed that high viral load in
baseline sputum samples was linearly associated with severity and risk of disease
progression (P < 0.017).

Another cohort of 96 patients with mild and severe infections demonstrated similar
viral kinetics. Respiratory viral load remained elevated in the severe group up to the
third and fourth week after disease onset, compared to milder group where viral load
peaked in the second week followed by a decline. Subsequent viral detection in serum
samples was also higher in patients with severe disease than in patients with mild
disease (45% vs 27%, P < 0.03)[15].

In general nasopharyngeal viral levels remained high in severe group and, begin to
decrease after 14 d of symptom onset[4,15,65]. Subsequently, samples from other sites
may also test positive for the virus. For example, viral load from stool samples were
found to peak during the third and fourth weeks after disease onset and continue to
remain positive during convalescence[9,13,15,19,25,31]. Some studies also reported
presence of high viral load in stool up to 50 d after onset of COVID-19 symptoms[31,
38].

Significance of viral load in stool remains unclear, whether it represents a true
infection or residual viral nucleic acid and not transmissible live virus. Gastrointestinal
epithelium also expresses angiotensin-converting enzyme II (ACE-2) receptors.
Infection of gastrointestinal (GI) tract may occur primarily from swallowed
nasopharyngeal secretions or due to dissemination to GI tract from viremia[23].
Eighteen studies (5479 patients) demonstrated a statistically significant (P value <
0.005) association between higher viral load in different samples and severity of
disease[4,7,8,13,17,27,29,30,32,36,45,48,49,51,52,54-56].

Liu et al[4] analyzed their cohort of 46 mild and 30 severely ill patients with elevated
nasopharyngeal viral load and demonstrated an association with severity. Viral load
was 60 times higher in severe cases and with severe clinical outcomes (P < 0.005). Mild
cases had viral clearance, with 90% of patients testing negative after 10 d. In contrast,
all severe cases had persistently elevated viral load beyond 10 d of symptoms were
elderly and required ICU care.

In a cohort of patients on dialysis, Schwierzeck et al[41] also demonstrated a similar
association with severity. Ct values of symptomatic cases were significantly lower
compared to asymptomatic cases (22.55, 29.94, respectively, P = 0.007), indicating
approximately 200-fold higher viral load[41]. Similarly other authors from their
cohorts from different countries Bermejo-Martin et al[48]; Spain, Shlomai et al[49];
Israel’ Chen et al[52]; China, Zhou et al[54]; China, Maltezou et al[55]; Greece have
demonstrated a statistically significant association between admission high viral load
and intubation, ICU care and multi-organ dysfunction.
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Collectively these data from different cohort of patients suggests that severe
COVID-19 patients with a high viral load correlate with higher risk for severe infection
with ICU admission and multi-organ dysfunction. Factors common to these cohorts
was increased age, and active preexisting medical co-morbidities.

Association between viral load and inflammatory markers

Higher viral load on admission samples were also associated with elevated levels of
IL-6, cytokines, lactate dehydrogenase (LDH), lymphopenia and elevated
neutrophil /lymphocyte ratio; indicative of poor sequential organ failure assessment
(SOFA) scores and associated with hyper-inflammatory state contributing to the
severity of sepsis[8,19,24,29,33,36,37,42,48,49,52,65,66].

In a cohort of 48 patients, Chen et al[8] reported an association between high viral
load in serum with elevated I1-6 Levels (= 100 pg/mL) and cytokine storm in critical
compared to mildly ill patients (P < 0.001). These patients had a higher incidence of
multi-organ failure and mortality.

Similarly Xia et al[42] in their cohort of 10 patients with severe illness and elevated
nasopharyngeal viral load reported severe lymphopenia with CD4+ lymphocyte
counts as low as 61 cells/uL (reference value: 355-1213 cells/pL). Neutrophil to
lymphocyte ratio was also elevated in this group.

Liu et al[65] reported their cohort of 46 patients with severe illness and elevated
nasopharyngeal viral load. CD4" and CD8'T lymphocyte count displayed a linear
negative correlation (P < 0.001) with high viral count; and positively correlated with
IL-2R, prothrombin time, lactate dehydrogenase, and hypersensitive troponin T (P =
0.002, P = 0.009, and P < 0.001, respectively). Also elevated, were levels of inflam-
matory factors, IL-2R, IL-6, IL-8 Levels in the severe compared to mild group (P =
0.022, 0.026, and 0.012, respectively)[65].

Blot et al[33] in their series of 14 patients demonstrated a positive correlation of high
nasopharyngeal viral load on admission with risk of hypoxemia, increased oxygen
requirements and SOFA score in respiratory distress syndrome patients (P = 0.013).
Similar association with increase in severity of sepsis, organ damage and mortality
was also reported by Xu et al[36].

Lucas et al[66] in their series of 113 patients with COVID-19 patients demonstrated
an overall increase in cells of innate lineage and a reduction in T lymphocytic cell
counts. High viral load correlated significantly with levels of IFNa, IFNy, TNF and
tumor necrosis factor-related apoptosis-inducing ligand. Chemokines responsible for
monocyte recruitment correlated significantly with viral load in severe disease. Inflam-
masome associated cytokines were also elevated, including IL-1a, IL-1p, IL-6, IL-18
and TNF[66].

Similarly Han et al[67] in their series of 60 critical patients demonstrated high levels
of cytokines TNF-a, IFN-y, IL-2, IL-4, IL-6, IL-10 and C reactive protein (CRP). Serum
IL-6 and IL-10 Levels were significantly higher in critically ill compared to moderately
ill group. The levels of IL-10 positively correlated with CRP (r = 0.41, P < 0.01)[67].

Collectively these studies provide evidence that high viral load may be a surrogate
marker for predicting inflammation and severity in COVID-19 infection.

Association between viral load and mortality

Subgroup analysis of 20 studies (7183 patients) demonstrated an association of
admission viral load with in hospital mortality[8,9,27,29,30,36,37,45,46,48,49,51-56,58-
60]. Majority of patients in this category were older (median > 65 years) and with
medical comorbidities[8,9,29,30,33,36,37,45,46,48,49,58-60]. High admission viral load
was an independent risk factor for in hospital mortality (P < 0.005)[8,27,29,30,36,46,48,
49,51,52,54,59,60].

Pujadas et al[27] demonstrated an association of viral load as an independent
predictor of mortality in a cohort of 1145 hospitalized patients. Mean log,,viral loads
significantly differed between patients who survived [n = 807; mean log,, viral load 5.2
copies/mL (SD 3)] vs those who succumbed [n = 338; 6.4 copies/mL (SD2.7)]. Cox
proportional hazards model was adjusted for age, sex, asthma, atrial fibrillation,
coronary artery disease, chronic kidney disease, chronic obstructive pulmonary
disease, diabetes, heart failure, hypertension, stroke, and race. The results demonstrate
a significant independent association between viral load and mortality [hazard ratio
1.07 [95% confidence interval (CI): 1.03-1.11), P = 0.0014], and 7% increase in hazard
for each log transformed copy/mL. Univariate survival analysis also demonstrated a
significant difference in survival probability between high and with low viral load (P =
0.0003), with a mean follow-up of 13 d and a maximum follow-up of 67 d[27].
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Magleby et al[30] in their cohort of 678 patients demonstrated that higher viral load
was associated with increased age, comorbidities, smoking status, and recent
chemotherapy. Mortality was highest, 35.0% in the high viral (Ct < 25; n = 220)
followed by 17.6% in the medium viral (Ct 25-30; n = 216) and 6.2% with a low viral
load (Ct > 30; n = 242; P < 0.001). The need for mechanical ventilation was also highest
in the high viral (29.1%), compared to medium (20.8%) and low viral load (14.9%; P <
0.001) group. High viral load was independently associated with mortality [adjusted
odds ratio (OR) 6.05; 95%ClI: 2.92-12.52; P < 0.001] and intubation (adjusted OR 2.73;
95%ClI: 1.68-4.44; P < 0.001) in multivariate models.

Similarly Huang et al[29] in their analysis of 308 patients demonstrated a high viral
load associated with in-hospital mortality in (6/16) of critical patients, while no
mortality was observed in the low viral load group (P < 0.0001). High viral load was
associated with myocardial damage, elevated troponins, coagulopathy, abnormal liver
and renal functions. Elevated IL-6, LDH, and elevated neutrophil counts and reduced
CD4+, CD8+ lymphocytes were noted in deceased patients P < 0.0001)[29].

In a cohort of 109 patients Bryan ef al[59] demonstrated high viral load on admission
was associated with a significantly increased 30-d mortality (OR, 4.20; 95%ClI,
1.62-10.86. Their data suggested that a CT value of 22 may serve as a useful discrete
cutoff for significant viral replication that is associated with mortality[59].

In a cohort of 1044 patients, Choudhuri et al[60] demonstrated a statistical
correlation of Ct value at admission was higher for survivors (28.6, SD = 5.8) compared
to non-survivors (24.8, SD = 6.0, P < 0.001). After adjusting for age, gender, body mass
index, hypertension and diabetes, increased cycle threshold was associated with
decreased odds of in-hospital mortality (0.91, CI: 0.89-0.94, P < 0.001)[60].

Collectively these multiple cohort of patients from different studies shows a trend of
the association of high viral load and mortality in hospitalized patients.

Association between viral load and infectivity, transmission and antibodies to

SARS-CoV-2

Although not statistically significant, 20 studies (1857 patients) indicated the
importance of high viral load dynamics with infectiousness and transmissibility (P >
0.05-0.53)[1-3,10-12,14,16,21,22,23,25,28,31,34,39,40,43,47,50].

Association between viral load and infectivity remains unclear, but earlier peak in
viral load in SARS-CoV-2 infection suggests that infectivity may be higher earlier in
the course than would be expected based on the SARS model[5,62,63].

Subgroup analysis suggests these patients are younger and had milder disease and
may be highly infectious and transmit virus to the population given their asympt-
omatic or presymptomatic nature of illness. These studies shed light on high viral load
and its association with infectivity and transmissibility. Highest respiratory viral load
was noted at pre-symptomatic stage and infectiousness peaked before symptom onset
[1,2,3,5,12,14,16,22,34,40,47,50].

He et al[l] demonstrated an infectiousness profile on 77 infector-infected
transmission pairs. Highest viral load in oropharynx at the time of symptom onset
correlated with infectiousness. Presymptomatic transmission was 44% (95%CI,
30%-57%) whereas infectiousness started at 12.3 d (95%ClI, 5.9-17 d) before symptom
onset and peaked at onset (95%CI: -0.9 to 0.9 d). They estimated that proportion of
presymptomatic transmission was 37 %-48%[1].

Xu et al[2] reported on 51 symptomatic patients, demonstrating transmission from
primary (patients who visited the epicenter, Wuhan), to secondary (patients who came
into contact with primary) and tertiary (patients who came into contact with only
secondary cases). Their findings suggested incubation period in tertiary group was
longer compared to primary and secondary groups (both P < 0.05). Ct values detected
in tertiary were similar to those for the imported and secondary patients at the time of
admission (both P > 0.05). For tertiary group, the viral load was undetectable in half of
patients (52.63%) on day 7 and in all patients on day 14. One third of patients in
imported and secondary groups remained positive on day 14 after admission. They
concluded that infectivity of SARS-CoV-2 may gradually decrease in tertiary patients
[2]. This study emphasizes that early quarantine and lock down measures may have
mitigated the spread of disease in countries that enforced it strictly. The reason for
decrease in infectivity from secondary to tertiary exposed patient remains unclear.
Although speculative, this may be due to reduced quantitative viral load transmitted
and other strict mask and quarantine measures[2,44].

Some reports demonstrated an association of high viral load and risk of
transmission in a closed knit population[28,40]. In a cohort of 80 patients including
both health care workers and nursing home residents from COVID-19 outbreak in
Washington State, high viral load in unrecognized asymptomatic and presymptomatic
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patients contributed to infectiousness and transmission. Although the mortality was
high in these patients, it did not correlate statistically with the viral load[28]. Similarly
Kimbeall et al[40] analyzed their cohort of 23 patients from a long term care facility. Ten
(43%) had symptoms on testing, and 13 (57%) were asymptomatic. Seven days after
testing, 10 of these 13 previously asymptomatic residents had developed symptoms
and were inferred as presymptomatic at time of testing. The Ct values indicated large
quantities of viral RNA in asymptomatic, presymptomatic, and symptomatic residents,
suggesting potential for transmission regardless of symptoms[40].

There are at present limits to our understanding and evidence in determining
infectiousness and the risk of transmissibility. As described earlier, there is evidence of
ongoing viral shedding in various body fluids after symptom resolution in COVID
infection and may be prolonged, especially in stool samples compared to respiratory
secretions (P < 0.001-0.5)[9,13,15,19,25,31,38,67]. Currently there is no reported
evidence of fecal -oral transmission. Further the severity of illness also appears to
extend the duration of viral shedding. However, based on current data, there is no
convincing evidence that duration of shedding correlates with duration of infectivity.
The viral nucleic acid detected in various body fluids later in the course of infection
may represent non-viable fragments of virions.

Wolfel et al[14] demonstrated that live virus can be cultured from respiratory
samples in patients with positive SARS-CoV-2 RT-PCR. However, the percentage of
positive cultures declined and no live virus was successfully isolated after day 8 from
symptom onset despite ongoing high quantitative viral load. Additionally, virus could
not be isolated from samples less than 10°copies/mL. However a caveat with this
cohort was that patients had mild symptoms and were young and middle aged adults.
This emphasizes the point that elevated high viral load in convalescing patients may
be suggestive but not a definitive factor in infectiousness and transmissibility[14].

There is evidence that children are susceptible to SARS-CoV-2 infection, but
frequently do not have symptoms, raising possibility that children could be facilitators
of viral transmission. Reports comparing viral kinetics in adults and pediatric patients
have demonstrated that children, adolescents and adults can have same variation of
viral load, but higher risk of transmission and asymptomatic illness in children may
have other contributing factors[16,47,50].

The immune responses of the host to COVID-19 and its relation to infectivity and
transmission remain unclear and data is emerging[5,13,59,68,69]. Most patients
seroconvert by day 15 after symptom onset and Anti-SARS-CoV-2-NP or anti-SARS-
CoV-2-RBD IgG levels correlate with virus neutralization[5]. While risk of
transmission after symptom resolution and the presence of antibodies may be lower, it
cannot be ruled out with available evidence[1-3,5]. Transmission by asymptomatic or
minimally symptomatic individuals also appears likely and highlights the importance
of contact tracing and isolation of exposed individuals, especially as transmission
potential may be maximal early in course of infection as depicted in the nursing home
cohort[28,40]. In their large series of 100 patients Li et al[68] demonstrated specific anti
SARS-CoV-2 (IgM, IgG, IgA) antibodies to S-1, N, and RBD viral proteins in the serum
within two weeks after onset and reached a peak in 17 d and maintained high levels
up to 50 d post infection.

Fourati et al[69] demonstrated an inverse relationship of lower serum titer of
neutralizing antibodies (anti-S1 Ig A and Ig G) with elevated nasopharyngeal viral
load and severe COVID-19 sepsis. This may indicate an inability to clear infection and
have a deleterious impact on survival. Patients who were alive at 28 d displayed
higher titers of anti-S1 Ig A and Ig G on admission compared to those who succumbed
[69]. Similar observation was demonstrated by Bryan et al[59]; this study demonstrated
that detection of anti-SARS-CoV-2 nucleocapsid IgG is associated with lower viral
loads in patients. They concluded that high viral loads almost never coexist with
SARS-CoV-2 sera-positivity and suggest that persons with anti-SARS-CoV-2
antibodies on admission have reduced 30-d all-cause mortality[59]. Both these studies
may suggest that presence of antibody titers on admission, coupled with molecular
testing, may be particularly prognostic factor, helpful to assess the disease course for
high risk patients who cannot provide a clinical history[59,69]. The mechanism may be
due to lower host humoral immune response in the elderly patients with
comorbidities.

The heterogeneity of the non-respiratory specimen’s limits its significance in
explaining the risk of transmission and no correlation can be inferred. Further research
is needed. In addition it is also important to determine viability of virus outside the
respiratory and gastrointestinal tract at different stages of infection in both
asymptomatic and symptomatic individuals. This will improve understanding of
transmission risk and allow greater certainty around guidelines for appropriate
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contact tracing and quarantine periods[70].

DISCUSSION

SARS-CoV-2 is diagnosed based on nucleic acid test, detecting viral RNA. We briefly
discuss the relevance of diagnostics in the context of our research question.
Laboratories have set up their RT-PCR techniques with primers and probes and
protocols, algorithms following guidelines from United States FDA and Center for
Disease Control and Prevention (CDC) and World Health Organization[71]. A
reference, limit of detection range is set by each laboratory based on reaction system
and amplification conditions, specified according to manufacturer’s specifications[72].
These tests are high throughput and have high sensitivities and specificity. Bisoffi et al
[73] demonstrated that nucleic acid tests have highest performance with 91.8%
sensitivity, 100% specificity, 100% PPV (positive predictive value) and 97.4% negative
predictive value). Some variation may exist in considering single gene targets. S and
RdRp genes had highest sensitivity (94.1%) at their institution[73]. Factors that may
affect sensitivity of tests are duration of illness, site of specimen collection, and viral
load. Some authors have reported that false negative rates may occur in up to 30%
tests[71]. However, at present there is no clear advantage of choosing one particular
gene over another as long as the sample acquisition, preparation and device operations
are performed by trained personnel and laboratories[70,71].

Viral load is the quantity of viral RNA in a given volume expressed as infectious
particles per milliliter. This is also expressed as Log,,copies /mL or Ct value. Ct value
represents the number of amplification cycles needed for a target gene to exceed a
threshold detection level. It is inversely related to viral load; lower the value of Ct,
higher the viral load[3,5,12,70,71]. For SARS-CoV-2 the test results are considered
positive when multiple genes had a Ct value less than 38. If only one of target gene
had a Ct value of < 38, it is reported as a single test positive[32]. Fung et al[74]
compared the limit of detection for various assays and reported it to be between 85-499
copies/mL for CDC assays and 74 copies/mL with other commercial high-throughput
laboratory analyzers. Digital droplet PCR is another technique useful in situations
with a high suspicion of infection but a low viral load or a negative test. This test has
an advantage of absolute quantification and higher sensitivity in viral RNA detection
especially in low viral load samples[32,75].

Strengths and limitations of this manuscript

This study is a large pooled, qualitative content analysis of 60 manuscripts with a
cohort of 10514 patients’ from different cohorts and countries evaluating patterns of
quantitative viral load in predicting disease severity, mortality, risk of infectiousness,
transmissibility, and prognosis in patients with COVID-19. The author presents the
relative merits and discusses the objective data presented in these studies. This a
correlation study and does not imply causation.

However, there are certain limitations in this study. Since there is a high hetero-
geneity of samples and data in the majority of these manuscripts, the content analysis
is qualitative (narrative) and these data should be interpreted with caution and
considered only as trends. Differences in distribution of age, sex, definition of disease
severity, and other confounding variables such as medical comorbidities, different
virologic tests and heterogeneous samples may contribute to different clinical
outcomes. For instance very few studies adjusted their statistic models for the other
medical morbidities which could have increased the risk for morbidity and mortality
[4,6,7,15,19,27,30]. The majority of these studies are on hospitalized patients which has
a potential bias of analyzing the more severely ill amongst the overall infected
population. Further variations of ACE 2 receptors and expression in various tissues in
different ethnic populations may play a role in virulence and transmissibility of this
virus[76]. A viral nucleic acid load from a particular sample assay may not represent
an exact systemic viral load in the body; further viral load may also not represent
viable virions and may be falsely misleading. In addition there is no consistent
trajectory of why certain samples test positive with high virus loads and others do not.
Another important point to consider is that, majority of studies is from one country:
China and from a few medical centers around the epicenter of outbreak, possibly
leading to overlapping of population data in reported manuscripts. Other limiting
factors may include the testing protocol and standards, set for RT-PCR targets vary
between different laboratories[68-70]. Finally there is always a possibility of observer
(author bias) which is to be considered.
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Although majority of studies showed a positive association between a high viral
load and mortality there were three studies with (434 patients) suggestive of an
inverse correlation between the two. Argyropoulos et al[35] in their report on 205
patients demonstrated an inverse correlation of admission nasopharyngeal viral load
with duration, severity of sepsis and no correlation with survival (P < 0.001). The
reason for low mortality in this study is unclear. One possible explanation could be
due to the fact that viral loads detected from nasopharyngeal samples were obtained at
a later time point in the disease course. As we have described earlier, that SARS-CoV-2
viral load peaks earlier in the infection followed by cytokine storm and hyper-inflam-
mation when the innate immune system is unable to control the initial viral replication
[61]. At these later times points the viral replication may start to defervesce but the
multi-organ dysfunction is secondary to systemic hyper-inflammatory response.
Similarly Hasanoglu et al[46] on their cohort of 60 patients demonstrated an inverse
relationship of high viral load with mortality; however their study had a mean age of
32 signifying a younger age group, where mortality is lower compared to older
patients. Another group of 169 patients, reported from Spain by Carrasquer ef al[57]
demonstrated no statistical association of high viral load with in hospital mortality
when adjusted to age, gender and serum cardiac troponin levels. The conclusions from
this study suggested myocardial damage with medical comorbidities as the cause for
increased mortality in susceptible population and not high viral loads.

Why is quantitative viral assay important?

Although infection and inflammation begins with the respiratory tract, it also involves
extra pulmonary organs[77]. Isolation of viral nucleic acid in multiple tissues, blood
and body secretions are indicative of systemic spread and are indicative of severe
infection. Evidence from these manuscripts suggests that high viral load occurs in
respiratory tract samples during presymptomatic period and peaks at the onset of
symptoms and gradually declines over the next one to three weeks([1,2,3,5,9,12,14,16,
22,34,40]. Increased viral load in respiratory tract represents active viral replication
and a surrogate marker for predicting severity[28,32,37,61]. This is in contrast to
previous SARS-CoV epidemic in 2003 where the peak viral load occurred during
second week after symptoms appeared and was positively correlated with increased
mortality[5,62,63]. This fact explains the increased infectivity and rapid transmission of
SARS-CoV-2 compared to previous SARS-CoV epidemic[5]. Along with comorbidities,
assessment of viral load from nasopharynx or sputum may determine the risk of
severity of sepsis in symptomatic, hospitalized elderly patients[4,5,18]. High viral load
is also associated with elevated cytokine, lymphopenia i.e., markers for inflammation
and portends poor prognosis[8,24,33,36,37,42,52,65,66]. Early determination of viral
load also has therapeutic benefits, such as administration of convalescent plasma,
neutralizing antibodies, antiviral medicines and corticosteroids in susceptible elderly
patients[6,7,11].

SARS-CoV-2 pandemic continues to spread unabated in United States and
worldwide. This is particularly evident after the end of lock down and social
distancing measures with increased mobility of the population. A report from a
reference laboratory evaluated 29713 de-identified samples from respiratory tract.
14.9% of samples tested positive. Highest positivity rate was identified in males born
between1964-1974. Patients between ages of 11-25 had highest viral load (> 10 Log,,
copies/mL). The clinical symptoms or outcomes of these patients were not known.
This study demonstrates that high viral load in younger group may be an important
risk factor for infectivity and transmission in a community, regardless of their
symptom status[78].

COVID -19 infections in younger asymptomatic patients, with high viral load may
fare well due to their robust physiologic reserve. However, they are at highest risk for
transmitting the disease and are called super spreaders. These infections generally
appear asymptomatic or milder in younger population, but elderly patients bear the
brunt of severe infection, hospitalization and mortality[61,62].

CONCLUSION

High SARS-CoV-2 viral load was found to be an independent predictor of disease
severity and mortality in high proportion of studies, and may be useful in predicting
the clinical course and prognosis of patients with COVID-19. However there is a wide
heterogeneity in fluid samples and different phases of the disease and these data
should be interpreted with caution and only considered as trends. In aggregate, these
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observations support the hypothesis of checking and reporting viral load by
quantitative RT-PCR, instead of binary assessment of a test being positive or negative.

ARTICLE HIGHLIGHTS

Research background

High viral load has an implication in the clinical outcomes in severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) pandemic. At present there is no Food and
Drug Administration Emergency Use Authorization for quantitative viral load assay
in the current pandemic. Currently the coronavirus disease 2019 (COVID-19) tests are
reported as a binary assessment of either positive or negative test.

Research motivation
The intent of this research is to identify whether quantitative SARS-CoV-2 viral load
assay correlates with severity of infection and mortality?

Research objectives

To assess high viral load and its association with the severity, mortality, infectiousness
in COVID-19 infections.

Research methods

A systematic literature search was undertaken for a period between December 30, 2019
to December 31, 2020 in PubMed/MEDLINE using combination of terms “COVID-19,
SARS-CoV-2, Ct values, Log,, copies, quantitative viral load, viral dynamics, kinetics,
association with severity, sepsis, mortality and infectiousness”. Data on age, number
of patients, sample sites, real time reverse transcriptase polymerase chain reaction (RT-
PCR) targets, disease severity, intensive care unit admission, mortality and conclusions
of the studies was extracted, organized and is analyzed.

Research results

High SARS-CoV-2 viral load was found to be an independent predictor of disease
severity and mortality in high proportion of studies, and may be useful in predicting
the clinical course and prognosis of patients with COVID-19.

Research conclusions

There is a wide heterogeneity in fluid samples and different phases of the disease and
these data should be interpreted with caution and only considered as trends. In
aggregate, these observations support the hypothesis of checking and reporting viral
load by quantitative RT-PCR, instead of binary assessment of a test being positive or
negative.

Research perspectives

In future, longitudinal studies with viral load should be monitored and analyzed, so it
can be considered in interpretation of outcome data. It may also be a guiding principle
for therapy and infection control policies for current and future pandemics.
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Abstract

BACKGROUND

As it has been established in previous publications of the author, the current
extra-hospital statistics referring to cardiopulmonary resuscitation (CPR) are far
from being minimally satisfactory (14%-17% success). Since the appearance of
acquired immune deficiency syndrome, its application has been increasingly
undermined as other subsequent pandemics (HIN1, Ebola, coronavirus disease
2019) seriously infringing lay rescuers intervention during classical CPR steps
(mouth-to-mouth ventilation), forcing to modify vital support protocols. Both KI-1
Yong quan and PC-9 Zhong chong alternative rescue maneuvers could come to
aid those victims of impending death situation due to both cardiac arrest or
stroke, upgrading current survival rates of said unfortunate patients.

AIM

To validate a complementary resuscitation maneuver originated in Chinese
Medicine knowledge, carefully integrated into international CPR protocols [World
Journal of Critical Care Medicine (WJCCM), August 2013].

METHODS

The model to verify its statistical validity of quoted research was the
Retrospective Cohort Study, which redeems the “semiotic paradigm” that gave
rise to medical semiotics. Its value strives in the differential detail if the deceased
patients are considered the control group instead of the patients that may be
deceased. Thus, combining the semiotic paradigm with the Retrospective Cohort
Study allows us to manage the collateral potential lethal effects of the random
process in cases of extreme emergencies.

RESULTS

The statistic results provided by the methodological analysis of this work were
previously published in WJCCM August 2013, ISSN 2220-3141). In a total of 89
patients in which the Yong quan maneuver was tested, 75 survived and 14 died.
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In order to compare this data with the percentages of survivors in the other
maneuvers, we stipulate the assumption that if 89 patients are the 100% of the
sample, how many patients would survive if the survival rate is 6.4% in CPR, 30%
in defibrillation and 48% in CPR + defibrillation. By this way we obtained the
approximate values of patients that would survive when applying these classical
resuscitation maneuvers. Then we obtained the format of the tables to perform the
exact Fisher test with the help of a statistical processor; the consequent result in a
valuation of P < 0.0001 was considered "extremely statistically significant".

CONCLUSION

The author herein provides a methodological-statistical analysis of such contri-
bution which does not imply any cost at all and could even help prevent the
withdrawal of classical CPR practices.

Key Words: COVID-19; Cardiopulmonary resuscitation protocol; Contingency measures;
KI-1 Yong quan resuscitation maneuver; Pandemic

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Against current pandemic scenario, the author analyzes the possible
difficulties that could occur on essential life support protocols as cardiopulmonary
resuscitation (CPR). As happened with the previous HIN1 pandemic, from when it was
decided to postpone the "kiss to life" (mouth ventilation) giving priority to the
precordial massage, coronavirus disease 2019 global situation could drastically reduce
survival rates due to CPR and life-support protocols. For this reason, the author insists
on an additional complementary resuscitation maneuver from Traditional Chinese
Medicine - already published by the World Journal of Critical Care Medicine in
Beijing in August 2013, in order to improve the rescue success in sudden death and
out-of-hospital cardiac arrest.
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INTRODUCTION

The cardiopulmonary resuscitation (CPR) maneuver can be considered to constitute
the most important medical act that exists in universal medicine. Both in the East and
in the West, its medical significance acquired such importance that even those who are
not practicing physicians or involved otherwise in Medical or Health Sciences manage
to be authorized once they have been instructed in the "chain of events" incorporated
into the life support protocol sequences|[1].

Following the American Heart Association, the CPR aims - understood as the
reversal of clinical death - are to preserve life, restore health and limit disabilities,
although such benefits can, in fact, only be achieved by a limited number of victims,
whose dispositions and pathologies are more often than not totally unknown to the
eventual rescuers, whose mission, in turn, is to save them from such a dire situation[2,

3]

According to World Health Organization (WHO), more than 23% of all causes of
death are due to cardiovascular factors. If to that percentage we add up that of
cerebrovascular diseases, the total surpasses 30% of all existing causes of death. For
this reason, by the end of 2020, beyond this gloomy pandemic crisis that affects us, the
number of deaths due to cardiac arrest could reach a staggering 30000000 deaths per
year[4]. Taking a current example, the results of the extrahospital rescues only reaches
the meager figure of 6.5% with precordial massage and of 17%, when defibrillation is
used. If the total death toll during World War II was estimated to be around 50,000,000
along the course of four years of devastation, it should not be difficult for us to
consider that we are facing a true sanitary catastrophe[4,5].
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MATERIALS AND METHODS

Materials

KI-1 Yong quan acupuncture point location: KI-1 Yong quan is located in the sole of
each foot, in the place where it makes its plantar flexion. Dividing a line that runs all
across the foot’s sole, the point is found at the junction between the anterior and the

middle third of the plantar fascia level at its deepest position (see Figures 1 and 2)[1,4,
5].

Physiological functions of KI-1 Yong quan point: According to chapter 5 of the Ling
Shu, KI-1 Yong quan is considered the Tsing-well point of the kidney meridian and the
“root” of the Shao Yin level (conformed by kidneys and heart). Said quotation explains
by itself the remarkable influence of KI-1 Yong quan overall cardiac physiology[1,5]. It
is the vortex where the Terrestrial Qi ascends into our bodies for nurture the zhang,
mostly in that organs placed in the upper part of the torso that maintain the essential
vital functions due to their continuous function (heart and lungs).

Moreover, KI-1 Yong quan is the main place for the ascending Yin Qi from the earth
into our bodies. Therefore, this kind of energy will nurture the zhang, especially those
organs placed at the highest (Yang) part of the torso, essential due to their vital
function which cannot be interrupted: heart and lungs, providing them Yang Qi for a
perfect biological equilibrium[1,4,5].

Topographic anatomy of PC-9 Zhong chong acupuncture point: Traditionally, this
point is located at the tip of the middle finger, mostly to bleed it under emergency
conditions. Rather curiously, that finger is also known in Spanish has “cordial” or *
heart finger”, showing a nominative association with its anatomic-functional value
between it and the organ it protects[4].

Physiological Functions of PC-9 Zhong chong: PC-9 Zhong chong is the Tsing-well
point of the “Heart Protector” or Pericardium meridian. As such, it is a Heart
stimulating source that explains the therapeutic possibility of alleviating
cardiovascular conditions. Its effect enables PC-9 to restore the cardiac pacemaker by
direct stimulation over the sinoauricular node (vide infra Figure 3).

Scientific validation of PC-9 Zhong chong in bilateral double amputees as well as
healthy volunteers has been successful for applying as supplementary resuscitation
maneuver equivalent as the KI-1 Yong quan praxis[4].

Next, a formalized protocol project was submitted to World Journal of Critical Care
Medicine in 2016 in order to integrate said acupunctural points into the CPR sequence.

Stages of the The International Liaison Committee on Resuscitation - CPR sequence
(“chain”)

See below Figure 4: (1) Prior to the application of chest massage: Assess the victim’s
state of consciousness and lung-heart failure; (2) Seek help (call 911), and/or apply KI-
1 Yong quan/PC-9 Zhong chong in situations in which it is impossible to start the The
International Liaison Committee on Resuscitation (ILCOR) protocol: If the victim is
trapped in a car crash, an overturned car, a landslide, or there is a massive number of
victims or a catastrophe; or Delayed CPR due to physical barriers to execute chest
massage or exhausted rescuers due to catastrophic number of victims, etc[5]; (3)
During chest compression: during the precordial massage, KI-1 Yong quan could be
simultaneously stimulated by a third rescuer in the sole of the victim’s foot[5]; (4)
During defibrillator application: prior to the electric shock, activate KI-1 Yong quan
through placing needles in both soles before defibrillation (or at PC-9 Zhong chong if
the patient is a bilateral amputee)[1,5]; and (5) Unsuccessful basic and advanced CPR:
KI-1 Yong quan and PC-9 Zhong chong stimulation become the “golden standard” for
reverting legal clinical death[5].

In a very interesting paper, Bester and Kodish[6] address the issue in a crucial way
providing a moral justification for CPR application. Undoubtedly, there should be no
need to gauge the value of taking this decisive action during impending-life situations.
The clinical version of Bester and Kodish[6] makes it clear that they abide by the moral
imperative of rescue, except for very specific situations, called “Do Not Resuscitate”
orders, in force in many countries, although there is no such provision in Argentina.

Methodological statistical approach - KI-1 Yong quan maneuver benefit
Randomness principle always request to minimize uncertainty[5,7].

In spite of what has been stated, comprehending that we might not eventually be
able to solve every single question, we have given statistical priority to prove the
following affirmation proposed between two hypotheses: Ho (null hypothesis): its
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Figure 1 KI-1 Yong quan resuscitation maneuver: Side view.
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Figure 2 KI-1 Yong quan resuscitation maneuver: Front view.
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Figure 3 The reconciliation vessel and the Tao.

affirmation determines the lack of association between the variables under study; Ha
(alternative hypothesis): its affirmation implies some degree of relationship between
said variables[5,7].
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K1 — Yongquan protocolization into the different stages of the CPR sequence

Additional maneuver resuscitation over point K-1 Yongquan
form for data collection

Whichever protocol you use to record cardiac arrest data, add the following data

Full Name:
Date:
No. Clinical History:

Probable cause of cardiac arrest:

Cardiac arrest / Stroke / Trauma / Choking / Poisoning / Other
Underlying disease:

Indications of the use of integrated K-1 Yongquan to the sequence of CPR

Prior to the implementation of the RCP ——> Impossibility to apply CPR

Wrecked vehicle
Overturned vehicle } Patient extrication by firemen / paramedics is required

Collapse (building, landslide, etc.)

Massive number of victims —— > Physical impossibility to apply CPR, insufficient number of
rescuers
During the implementation of CPR
BASIC CPR (CAB) Application of the maneuver by a third rescue
Defibrillation (shock) Prior application of needles on the R-1 of each foot Yongquan

Basic and advanced CPR failure R-1 Yongquan Stimulation
Start Time of complementary maneuver on R-1:
Duration (or application) of the maneuver:

Consequences of maneuver:

A) Effect on heart rate (pulse, ECG)

B) Effect on recovery of consciousness
C) Final result

Time on completion of the life support maneuvers

Figure 4 KI-1 Yong quan Protocol integrated to International Liaison Committee on Resuscitation: Cardiopulmonary resuscitation
“Action chain”. Citation: Inchauspe AA. Drawing the Yongquan protocol into the different stages of the cardiopulmonary resuscitation sequence. World J Crit Care
Med 2013; 2: 17-20. Copyright © The Author(s) 2013. Published by Baishideng Publishing Group Inc[5].

We first compared the group assisted by CPR precordial massage (6.5% response)
and those rescued by KI-1 Yong quan resuscitation maneuver (84.84% response):

| PA-PB| = | 0.064 - 0.85| = 0.786 < SE (0.05) x 1.96 = 0.098.

This fact theoretically proves that KI-1 Yong quan resuscitation method success
does not depend on fate.

Afterwards, we compared the use of CPR defibrillation (48% response) against the
KI-1 Yong quan resuscitation maneuver (84.84% response):

| PA-PB| = |0.48 - 0.84 | = 0.36 < SE (0.0076) x 1.96 = 0.0148).

Thus, [PA' — PB] = 0.36.

Quoted analysis also proves to be statistically significant, favoring the KI-1 Yong
quan resuscitation maneuver by means of this comparative analysis[5,7].

If we consider the control group conformed by the already deceased people instead
of the patients that prospectively may be deceased, thus the Retrospective Cohort
Study will safely solve this “statistical issue”, allowing us to manage potential lethal
effects, thus eliminating the fateful impairment found in random contingency, mostly
in these cases under extreme emergency situation[5,7].

RESULTS

As to its statistical verification, several sequences of survival rates were presented, the
first 7 of which were published in Health (2015), the 8*one in the World Journal of
Critical Care Medicine (2016) and the 9"and last sampling, at the Health Care Summit
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Congress in Dublin (June 2018) (see below Figure 5).

About the last ninth statistic, from a total of 89 patients in which KI-1 Yong quan
maneuver was tested, 75 victims survived and 14 died. In order to compare this data
with the percentages of survivors in the other rescue protocols, we assume that if 89
patients represent the 100% of the sample, how many patients would survive if the
successful CPR rate would be 6.4% after chest massage (see Figure 6); 30% post-
defibrillation (see Figure 7) or 48% that kept alive after CPR +defibrillation carried out
jointly (see Figure 8).

So we then obtained the approximate values of victims that would survive when
applying these resuscitation maneuvers in round figures in order to facilitate
calculations. From the total of patients (89 cases), we subtracted the survivors to
obtained the mortality rates[7].

The Graph Pad site showed a two-tailed P value, recommending us to analyze the
sample with dichotomous variables so as to obtain more reliable deductions (for a
more detailed mathematical explanation, please refer to “Yongquan Maneuver’s
Oddysey: Current Validation Of Its Significance Of P Through The Fisher's Exact Test For
Dichotomous Variables”, published by Acta Scientific Paediatrics[7].

Thus we then obtained the format of the tables to perform the exact Fisher test,
solved by a statistic mathematical processor; the results were located at the side of
each table. As we can see, the Fisher exact test obtained a statistic valuation of P <
0.0001, considering quoted outcome as "extremely statistically significant"[7].

DISCUSSION

As was shown when stating Randomness in this problem - that means, under such
extremely emergency situation - the control group would not only not benefit from a
second chance of survival during imminent death, but also such therapeutic discrim-
ination would also imply a fatal, collateral or unwanted results for the members of that
group, doomed by this investigation model[4].

Regarding adding the complementary maneuver on KI-1 Yong quan / PC-9 Zhong
chong into the classic CPR protocol, what has previously been stated contrasts with
the essence of that principle. If data on fatal contingency is previously known in a
study in which patients will be randomly discarded, such methodology will clearly
impair them of the KI-1 maneuver benefit in case of basic and advanced CPR failure.

Random non-intervention practiced on such a group would inevitably lead to a
most serious ethical problem as not providing adequate assistance to those patients
who have been “sorted out”.

As stated in Article 32 of the Declaration of Helsinki VI on Ethical Human Rights should
not be forgotten when it states that “In the treatment of a patient, where proven prophy-
lactic, diagnostic and therapeutic methods do not exist or have been ineffective, the physician,
with informed consent, must be free to use unproven or new prophylactic, diagnostic and
therapeutic measures, if in the physician’s judgement it offers hope of saving life, reestablishing
health or alleviating suffering”[8].

Although it is true that the article refers to informed consent, it is understood that
these are not cases of extreme urgency, where the essential criterion of saving life
acquires paramount significance.

Now let's ethically confront this right to life with the autonomy rights to which
several Western countries refer, in order to evaluate priorities when determining the
importance of individual opinion and its impact on rescue efforts at a global level.

The principle of patient autonomy

Patient autonomy is generally ethically respected. However, in Argentina in the case
of CPR, the rescuer's criteria prevail, refusing to leave the victim without help. Said
right requires a patient who can consent or refuse CPR, but without deterioration from
depression, neuropsychiatric medication, or co-occurring illnesses. In any case, despite
the fact that this right remains in force in many countries, a Research Ethics Committee
must first assess the real possibility of restoring the patient's health[9].

Advance directives and living wills
Advance directive expresses a person’s last wishes, or preferences regarding his or her
end-of-life care; in many cases, questionably limiting the CPR rescue.

Quoted item is conformed by the directions from patients to physicians about the
provision of medical care during a terminal illness course or when confronted with the
impossibility to make proper decisions. It constitutes a clear evidence of the patient’s
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Resuscitation' statistical sequence referred to Yongquan maneuver application
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Figure 5 Statistical Sequence Referred to KI-1 Yong quan maneuver application (referred above). Citation: Inchauspe AA, Inchauspe M.
“Yongquan Maneuver’s Odyssey: Current Validation of Its Significance of P Through the Fisher's Exact Test for Dichotomous Variables”. Acta Scientific Paediatrics
2019; 2: 53-60. Copyright ©The Author(s) 2013. Published by Acta Scientific Paediatrics[7].
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Figure 6 Out of Hospital Cardiac Arrest vs. Yong quan Survivors’ tendency. Citation: Inchauspe AA, Inchauspe M. “Yongquan Maneuver's Odyssey:
Current Validation of Its Significance of P Through the Fisher's Exact Test for Dichotomous Variables”. Acta Scientific Paediatrics 2019; 2: 53-60. Copyright ©The
Author(s) 2013. Published by Acta Scientific Paediatrics[7].
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wishes and can be legally enforced[9].

In Argentina, life is an immanent right that does not only depend exclusively on
patients. Neither the victims nor rescuers can change the legal consensus of CPR
protocols in an emergency state.

CPR suspension would only be considered in those terminal conditions determined
in outdoors trauma triage score (slaughter, traumatic hemicorporectomy, massive loss
of brain mass)[10] or indoors hospitals, so a Bioethical Committee can carefully study
each particular case in order to suggest vital support suspension due to irreversible
suffering conditions.

Despite the above-mentioned “non-resuscitation orders” based on the law in force of
each country, the KI-1 Yong quan resuscitation maneuver would be useful as long as it
is promptly applied, with the following considerations: (1) Currently, according to
WHO, 23% of overall causes death result by cardiovascular origin[11]; (2) If we sum
up the 7.6% of cerebrovascular casualties, we reach an average of 30% of overall causes
of death[5,7]; (3) PC-9 Zhong Chong's proposal on the protocol involving Chinese
acupuncture points has a dual purpose: The first and most important is the inclusion
of those individuals who suffered bilateral amputation, which in this way could
benefit greatly from the stimulation of this alternative point before the failure of the
basic and/or advanced CPR; and The second is to have another stimulation alternative
that provides an additional opportunity to rescue patients in a situation of imminent
death due to sudden death or cardiac arrest[4,5,7].
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Figure 7 Defibrillation vs Yong quan Survivors’ tendency. Citation: Inchauspe AA, Inchauspe M. “Yongquan Maneuver’s Odyssey: Current Validation of
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We must remember that diabetes affects almost 10% of the world's population,
increasing the risk of cardiovascular and cerebrovascular diseases from 50% to 80% in
these patients[11]. Consequently, every three seconds, a diabetic foot is amputated in
the world[5,7].

In Argentina, two people per hour (that is, 54 per day and more than 20000 per
year) will experience sudden death; the global annual average attributed solely to
sudden death ranges from 5 to 6 million victims[7].

In infants, the sudden death mortality is over 35.2 deaths per 100000 live births in
2018 (Figure 9). Again, these children lack true capacity to accept or reject any vital
protocol to decide the life-saving benefit provided by the CPR protocol[12].

Plausible solution to the dilemma of applying the CPR protocol with or without
prior informed consent:

We have analyzed this particular situation with the Research Ethics Committee of
the Province of Buenos Aires, in order to settle the dilemma in face of the always
surprising and unexpected appearance of a sudden death scenario.

Given that the patient under these conditions is clearly unable to decide the
application of this universal protocol, a possible solution emerged upon scientific
consensus once the life support protocol and its modifications had been accepted by
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the Committee of Scientific Research or Regional Bioethics One acceptable solution lies
in spreading through local/regional mass media (also adding social networks) the
future establishment of the protocol in question. The media diffusion of said novelty
should be applied only for some hospitals in the area, leaving citizens with their free
decision where to turn in case of extreme need. Likewise, it will be clarified that the
health emergency services will also apply said life support scheme within their area of
influence.

The information will remain valid for at least one week on the mass media
networks. In this way, it is possible to comply with the objective of informing the
population of the future intervention with the CPR modality agreed by the experts of
the region.

Research committees must be very efficient while organizing educational programs
and developing hospital guidelines. Again, ethical and moral dimensions of such
decision should pay special attention not to transfer an even more serious offence to
the rescue group: That of abandoning the patient[5,7,9,11].

CONCLUSION

In my country there exists so far no “Do Not Resuscitate” order; consequently, any
evasion of the application of CPR in a condition of cardiac arrest shall be interpreted as
“abandonment of the patient”; and the life support maintenance time - as long as it
has arrived in time at the scene, maintaining suitable oxygen saturation - shall not be
less than 45 minutes of rescue, before considering it failed.

The contribution of the complementary maneuver on the KI-1 Yong quan and /or
PC-9 Zhong chong acupuncture points is neither intended to replace nor to interrupt
the CPR international protocol, but to provide an alternative way of upgrading heart
stoppage survival rates when the ILCOR-CPR protocol has failed.

Cotler[9] states very well that in his work “The” do not resuscitate "order; clinical
and ethical rationale and implications” that the provision of CPR and do-not-
resuscitate orders (DNRs) raises a current legal controversy regarding the need to
obtain consented permission during a crucial moment to act efficiently during such a
critical situation. Although patients' values or previous determinations are relevant,
particularly those related to unwanted reasons to deny CPR rescuers decisions
concerning CPR often must be made within seconds, most of the time without
knowing patients” directives[13].

On the other hand, those conditions that could presuppose the denial of the
initiation of CPR (terminal illnesses, “therapeutic fierceness”, efc.) imply a deep
knowledge of the philosophical controversy they pose, which may not necessarily be
within the reach of most of the usual rescuers, be them firefighters or security
personnel, professors or teachers, relatives, friends or unknown laypersons who
learned life support protocols. Compliance under the spirit of a CPR protocol must not
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carry responsibilities that exceed the compassion, self-denial or altruism of citizens
who offered to save a fellow s life.

Futility means that purposes cannot be achieved. Therefore, the underlying
philosophy for providing CPR without waiting for any consent as an emergency
outdoors procedure could be a source of controversial vulnerability for rescues today.
Failure to guarantee free action of rescue team members would inevitably lead CPR
Protocol to a futile fate[13].

In a cardiac arrest situation, time-pressure urges any rescue team to achieve its
mission; and my particular opinion is that currently-far from universalizing a practice
that has been shown to save millions of lives-the goals of treatment are subjected to
conflicts from judicial companies, always attentive to finding those altruistic citizens
and health professionals who cared to properly teach and learn the CPR on suspects of
violating individual human rights.

As was well stated by Cotler[9], CPR is predicated on the assumption that life is
sacred, as well as the efforts to maintain it, so that CPR will be successful. This seems
to be really consistent with his belief that allowing someone to die is harm[13]. To
establish a prognostic doubt of this universal practice —accessible to both health profes-
sionals such as doctors, paramedics, civil defense security personnel as well as lay
Samaritans or relatives- will result in an unfair insecurity for potential rescuers,
undermining the overall results of CPR application against the possibility of legal or
financial threatening for them. Saving a life through CPR implies an altruistic,
humanely ethical and disinterested practice in order to provide our fellow human
beings with a new opportunity to live. It does not seem appropriate to subject profes-
sionals or volunteers to the menace of such a contingency.

It is my conviction that proposing a regional information plan prior to the
application of CPR protocols would allow their consensual determinations of DNR
orders in those countries in which these are in force, avoiding any dangerous
restrictions that may hinder such a valuable resuscitation practice for those who need
it most.

ARTICLE HIGHLIGHTS

Research background

Regarding KI-1 Yong quan application as a cardiopulmonary resuscitation (CPR)
revival point, divulgation was not limited to actuarial cardiac results, but KI-1 Yong
quan function as a brain protector in both traumatic and vascular brain injury
situations should be included. Needless to say, all patients subjected to the stimulation
of KI-1 Yong quan by cardiac arrest were neurologically classified with 3 points on the
Glasgow Scale. Likewise, the validation of this CPR complementary rescue maneuver,
deepening its significance of certainty respect to current techniques and protocols still
in force. The difference obtained was also confirmed to be statistically significant,
adding to this analysis the F-test for dichotomous variables; thus, all the statistical
validations demonstrated once more the relevant certainty before other methods
currently used instead of KI-1 Yong quan maneuver. Maybe such assertion led the
Chinese to conclude that both KI-1 Yong quan and PC-9 Zhong chong acupuncture
points had the ability to “reset” the vital signs that are absent, as a battery that would
provide us with a source of alternative vital energy if our own existence is under
severe danger.

Research motivation

The current figures produced by the COVID-19 pandemic and its respective mutations
are close to 125000000 infected and 3000000 deaths. Faced with such a panorama, it is
evident that the application of life support protocols in the extra-hospital setting is
hardly exceeding 6.4%. Even those not specialized in the subject can easily realize that
the survival results are extremely poor. The success of CPR - an authorized medical
maneuver in laypersons properly prepared for it - depends crucially on the application
of such a protocol by the general population to improve survival rates. Consequently,
the main reason for this work is to offer an alternative available to the public
worldwide and to help resolve the current success figures in CPR without risk of
contagion.

Research objectives
The clear objectives already exposed are upgrade current survival rates in global CPR
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thanks to the aid of this complementary resuscitation maneuver. On the other hand,
there is a genuine intention of the author to relocate Traditional Chinese Medicine
within the global context of existing therapeutic possibilities in emergency situations.
The work justifies - after an uninterrupted investigation of the author for almost 40
years - that Chinese Medicine can deservedly share its place with Western Medicine in
CPR protocols globally. Let us remember that CPR is the only authorized medical
practice in those laypeople duly authorized to exercise said practice.

Research methods

As to its statistical verification, several sequences of survival rates were presented, the
first 7 of which were published in Health (2015), the 8th one in the World Journal of
Critical Care Medicine (2016) and the 9th and last sampling, at the Health Care Summit
Congress in Dublin (2018). Its value actually strives in the differential detail if the
deceased patients group is considered the control group instead of the patients that
may be deceased group. Thus, the possibility of combining the indiciary or semiotic
paradigm with the Retrospective Cohort Study allows us to manage potential lethal
effects which are collateral to the random process in cases of extreme emergencies.

Research results

Strictly speaking, with 14 deaths out of 89 cases after applying this complementary
rescue praxis has proven that its extra-hospital survival rates are 8 times higher than
the best out-of-hospital survival rates (84.27% success).

Research conclusions

The KI-1 Yong quan complementary resuscitation maneuver, systematized since 1987,
has been consistently performed in sudden death and cardiac arrest conditions as a
final resource upon both basic and advanced CPR failure. After almost thirty years of
experience, the author herein provides a reasoned survival bio-energetic circuit based
on a detailed methodological-statistical analysis of the Wondrous Vessels (Qi jing ba
mai) participating in it. The divulgation of K-1 emergency therapeutic possibilities
looks for its inclusion into Critical Care Protocols, in order to upgrade survival rates in
both cardiac arrest and stroke victims worldwide.

Research perspectives

Close to a total of 125000000 infections and 3000000 deaths in the world, the author
believes that it is appropriate to urgently submit to medical science this easy-to-apply
KI-1 Yong quan/PC- 9 Zhong chong resuscitation maneuver as a contingency measure
in the face of such a catastrophe global that involves zero cost. Even without a
pandemic, it is estimated that after 2020 the number of deaths from cardiac arrest and
sudden death could reach 30000000 deaths per year, a figure equivalent to suffering
the genocide of 50 Hiroshima bombs or 126 tsunamis Indonesia-like.
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